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RECORDS 


THE GEOLOGICAL SURVEY OF INDIA. 
Part 1.] 1884. — pRebruary. 


AnnvuAL Report oF THE GEOLOGICAL Survey or InpIA, AND OF THE GEOLOGICAL 
Museum, Catcurra, ror THE YEAR 1883. 


The extra Peninsula area.—Of work done during the past season, Mr. Griesbach’s 
would be popularly considered the most interesting, as 
dealing with the main Himalayan range and the well- 
known formations there displayed on so grand a scale. 
Unfortunately no matured abstract of his observations is yet available, as Mr. 
Griesbach had to make all haste from Tibet late in October to join the expedi- 
tion to the Takht-i-Suleiman, and he is still engaged on the north-west frontier. 
He had however brought his particular undertaking to its intended conclusion, 
having completed the survey of the Hundes basin to its western limit on the 
flanks of the gneissic mass of Purgial mountain which separates Hundes from 
Spiti. The obstruction encountered from the unruly condition of the people on 
both sides of the frontier was even greater than in previous seasons; we must only 
accept this sketch survey as all that is possible in that direction for some time te 
come. It is further very satisfactory that Mr. Griesbach has been able to link 
his work with that of Dr. Stoliczka in his typical sections of Spiti by a trip over 
the Bhabeh and Manirang passes. For some important horizons he has satisfied 
himself of the identity of the sections in Spiti and Hundes, particularly the occur- 
rence in Spiti of full representatives of the lower triassic groups, not noticed by 
Stoliczka. We have thus strong evidence for the presumption already made that 
the present separation of these basins is largely, if not altogether, a feature of 
disturbance; an example on the largest scale of the longitudinal waving of the 
lines of elevation which has been frequently noticed in the detailed structure of 
these mountains. 
The Takht-i-Suleiman, Mr. Griesbach writes, consists of the cretaceous sand- 
stones with limestones recently described by Mr. Blanford 
Tae TAXET-I-SUIEI- (Memoirs, Vol, XX, pt. 2), as forming the crest of the 
range 80 miles to the south. 


FunNDsEs : 
Mr. Griesbach. 
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We have at last got a bit of critical study from that most obscure region, the 
Lower Himalaya, in Mr. Oldham’s work of last season in 
JAUNBAR : Jaunsfér (Records, Vol. XVI, pt. 4). This remark leaves 
Mr. Oldham. out of count Mr. Maliet’s very thorough study from the 
samo region in Sikkim (Memoirs, Vol. XI, 1874), the distance is so great (700 
miles), and the details so different; also Colonel McMahon's most excellent ob- 
servations in the Simla area (Records, Vol. X, pt. 4, 1877), on the grounds that 
they are not comparable, being only notes made during official tours of inspection. 
On similar grounds I would claim partial exemption for my own notes (Memoirs, 
Vol. II, pt. 2) published in 1864. I was then especially engaged with the Sub- 
Himalayan rocks, and my notes upon the older formations were taken on casual 
traverses of the ground; but I put them into the best form I could (unfortunately 
not a very lucid one) with a provisional scale of formations. There would be no 
risk in so reasonable a proceeding, but for the delight some people take in figuring 
as correctors of what it gratifies them to call ‘error;’ and it is so easy in a refer- 
ence to omit all notice of the saving clauses of the context, or to quote a passing 
opinion as if it had been a matured judgment. It was my early connection with 
the college at Rurki that gave me the opportunity of Himalayan work, and since 
T left it (in 1862) no regular survey has been undertaken in this ground until now, 
though it is here, as I have often explained, that we must hope to find a clue to 
the whole Lower Himalayan region. 

After a preliminary view of the Simla section, Mr. Oldham settled down upon 
Jaunsar, a British district between the Tons and the Jamna, because there he would 
have the advantage of a fairly good map on a sufficient scale, the Atlas maps of the 
general area being very defective. The result has been no small surprise, which 
I will briefly explain. The sequence of formations in the Simla section is appa- 
rently a simple one in itself, however complicated by disturbance. There is at 
top = strong limestone, which takes its name from the Krol mountain; it is 
underlaid with apparent conformity by a great thickness of shales, slates, and 
flags, sub-divided by one small but very persistent band of limestone and con- 
glomeratic quartzite known as the Blaini group. It was thought that these rocks 
extended indefinitely eastwards, and Mr. Oldham has himself recognised a known 
outcrop of the Blaini group far to the east of Jaunsfr, beyond Mussooree; yet 
in the Jaunsér section, which takes in a full slice of the region from the tertiary 
zone to the gneiss, and is only 50 miles east of Simla, an almost completely 
new series of rocks is introduced, the limestone of Deoban mountain, north of 
Chakrata, being taken with some doubt to represent the Krol rock. It resta un- 
conformably upon a great series of slates and quartzites with subordinate lime- 
stone; but in this Chakrata series none of the infra-Krol sub-divisions haye been 
recognised. This discrepancy must, of course, stand ; but it seems more likely to 
be explained as a variation of deposition than as an entire change of systems. 
Unconformities, too, are of precarious certainty where disturbance has been so 
intense. But the most interesting feature in the Jaunséy work is the introduction 
of two separate and entirely new groups. It has always been known that a 
great gap existed between the tertiaries in the Simla section and the Krol 
group, for which no age later than the trias has been conjectured; but no 
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intermediate deposits had been detected. In Jaunsdér Mr. Oldham introduces two 
unconformable and almost wholly detached groups above the Deoban limestone. 
One, the Mandhélis, may be of upper secondary age; but the other, the Bawar, 
is taken to be middle tertiary, as it exhibits little or no disturbance, 
although highly metamorphosed ; it lies to the north, close under the main 
gneissic range. All this may seem a little wild, but a perusal of Mr. Oldham’s 
paper will show that he thoroughly understands what he is about, and has com- 
pletely protected his position ; that if he scorns grooves and is somewhat reckless of 
antecedent probabilities, he has on the other hand a wholesome faith in close 
observation and sound reasoning. 
Colonel McMahon continues to favour us with his studies in tho intervals 
oe of business. His determination of the traly basaltic 
Colonel McMahon. character of the bedded trappean and trappoid rocks as- 
sociated with the slates of the Lower Himalaya removed 
an awkward uncertainty; but his later decision that much of the granitoid gnoiss 
of the Himalaya must be regarded as a truly intrusive rock is a most valuablo 
discovery, as giving a clue to structural features that were almost impossible of 
explanation on the supposition ofthe rock being stratified by original sedimen- 
tation. When first describing this gneiss in the Simla region, Coloncl McMahon 
remarked that ‘‘ the internal structure of the rock is that which has usually boon 
described as characteristic of an igneous rock” (Records, Vol. X, p. 222), and 
his later more leisurely study of the same rock with its attendant contact pheno- 
mena at Dalhousie has forced upon him the conviction that itis intrusive and must 
properly be called gneissose granite (Records, Vol. XVI, p. 129). His arguments 
are mainly drawn from the microscopical examination of petrological characters, 
and depend a good deal upon the more or less obscure conditions of the process 
of metamorphism and contact action, whereby very similar results may be accom- 
plished in very different ways;! still the arguments are very forcible, and when 
backed by the more certain evidence of structural features, they seem to me.con- 
clusive. Despite the wonders performed by flexure of strata in mountain 
regions, the structural features presented by this rock in certain cases wore 
impossible of satisfactory explanation on the supposition of its being really strati- 
fied gneiss. The Chor mountain in the Simla region and the end of the Dhula- 
dhér ridge at Dalhousie are instances. It is true that by Herbert originally, 
and by Strachey subsequently, the Chor was mapped as granite; by overlooking 
everything but the crystalline texture they hit upon the right name; but had 
they represented their conception of it in section, it would no doubt have assumed 
the conventional form of a vertically intrusive rock; whereas in reality the rock is 
not only foliated and roughly bedded, but it conforms in lie to that of the sur- 
rounding strata, presenting a steep south-westerly outcrop and a moderate dip 
conformable with that of the overlying schistose slates; the puzzle being that 
it has no continuity in strike, the outcrop being about as broad as it is long, 


2 Tiong ago brought to notice an instance of a perfect ternary granite where it can only 
have been formed by solution or hydrometamorphism, without intrusion or disturbance, or any con- 
ditions usually associated with the word ‘plutonic. See Memoirs, Vol. III, p. 17, and note by Pro- 
fessor Haughton, Journ. Geol. Soc., Dublin, I, p. 87, 1864-65. 
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nearly 7 ‘miles. The recent recognition of the fact that those characters of 
quasi-stratification are compatible with a truly granitic and intrusive origin, 
removes all these difficulties, and thus establishes a strong claim for acceptance. 

Although Mr. Lydekker’s work in the North-West Himalaya closed two years 
ago, and was duly noticed as it came out in his progress 
reports, the recent publication of it (Memoirs, Vol. 
XXII) in a connected form and with a map of the whole 
aroa requires further remarks. But for this compilation the work would be in a 
manner lost; and Mr. Lydekker has performed his difficult task in some respects 
most creditably,? for it demands considerable art to put a mass of very crude 
material into presentable form, and this has been done ; the volame now published 
gives an excellent general view of the distribution of the rocks over an immense 
area, of very inaccessible ground. In view of future operations it is however 
necessary to indicate explicitly how superficial this work has been. Mr. Lydekker 
remarks, and it is quite true, that anything like a study of the whole ground 
would demand a hundred-fold the time that has been given to it; we are told on 
almost every page that data are wanting to decide some point or other, showing 
fair perception on his part of what was needed, but this only makes the almost 
total absence of critical landmarks the more disappointing. 

Although a considerable additional area of the sub-Himalayan region was 
mapped by Mr. Lydekker, his attention was least directed to those rocks, and he 
has added nothing to the difficult question of their classification; indeed, the 
grouping he adopts (p. 83) is neither congruous nor properly geological, the 
ruling question regarding them being whether the repetition of more or less 
similar deposits in successive zones up to the innermost boundary of the region are 
representative or distinct formations; and had he any real apprehension of the 
position, he would not have remarked (p. 13) that the views regarding the upper 
tertiaries in our original work in this region (Memoirs, Vol. ITI) had been modi- 
fied. It is true that a correction was published (Records, Vol. XIV, p. 169) of an 
erroneous observation of an important contact-section of the Nahan-Siwalik 
boundary, and that great stress had been laid upon that observation because it 
would have been an absolutely final settlement of an important dispute; but in 
publishing the correction it was expressly stated that all the other evidence 
remained in favour of the view originally taken of that boundary, that it was 
primarily an unconformable contact. By far the most important and definite 
result of observation as bearing upon Himalayan history is that enunciated at 
page 121 of Mr. Lydekker’s memoir, but it would not be gathered from the con- 
text that this result had been very clearly concluded from our first study of those 
mountains; that although the Himalayan area had been elevated and defined, 
and the rocks deeply denuded before the eocene, little or no contortion of the rocks 
had attended that disturbance (see Memoirs, Vol. III, p. 174, 1864). Mr. 
Lydekker has now extended this observation to the tertiary basin of the upper 

11 must take exception to and apologize for the note on page 278 and the “(sic)” on page 
274 of Mr. Lydekker’s memoir, which was printed in England. I would he the last to check 


plain criticism of bad work, but to reproduce and point the finger at paltry errors of press-reading 
in a quotation worthy of all respect, is a display of critical acumen that 1 trust may not again 


disfigure the pages of cur Memoirs. 


KasHmir: 
Mr. Lydekker. 
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Indus; but there is one important reservation that he has not noticed. In his 
section on page 101, the tertiary strata lie at right angles to those of the gneiss ; 
now the apparent conformity of the paleozoic rocks to the gneissic series is a con- 
stant subject of remark and puzzle with regard to the presumable existence of 
a prepaleozoic gneissic mass; if then the Indus tertiaries are in pseudo-conform- 
able relation to the paleozoic strata there, the gneiss of the Skirbichan section 
would be a better identified example of that archwan gneiss than any of those 
suggested in Chapter IX. 

On page 127 Mr. Lydekker makes some very judicious reflections upon the 
difficult question of the correlation of formations in Europe and in India, as intro- 
ductory to the gigantic compromise he has to make in clubbing into one ‘ system,’ 
‘the Zanskar system,’ the eight formations, ranging from lower carboniferous 
to cretaceous, distinguished by Stoliczka at the east end of the Zdnskar basin itsolf. 
We must allow a good deal for the reputed extinction of fossils to the westward 
in these continuous deposits, nor should we complain of a temporary compromise 
had we found even a few critical landmarks for a classification which we must 
believe to be possible in that ground. The map does attempt a three-fold division 
of the ‘system’ into carboniferous, jura-trias, and cretaceous, the three little 
patches of the latter being those marked by Stoliczka; but a map on so small 
a scale can only be an index to the text. 

The ‘ Zénskar system’ is itself described as transitional with the underlying 
‘Panjdl system’ of lower palsozoic rocks, and these again are for the most part 
inseparable from the schistose metamorphic or gneissic rocks. In the Manual 
(pp. 626-7) the term ‘central gneiss’ was tolerated upon the intelligible grounds 
that we were then supposed to have in actual evidence two gneisses ; one in the 
main Himalayan range, as testified by Strachey in Hundes and by Stoliczka in 
Bisséhir to be in abrupt original contact with the infra-silurian azoic slates ; 
and another in Rupshu, as testified by Stoliczka to include all the lower 
palssozoic formations. For the former the name ‘central’ was not inappropriato, 
in the sense of local fundamental or local archwan. Later observation both in 
Hundes and Bisséhir asserts that on the north flank of the main range there 
is complete gradation of metamorphism from the gneiss to the slates; so it 
would for the moment appear as if we had only to deal with one period of 
metamorphosing action of variable range; or at least the original demarcation 
of two gneisses is not sustained. Under these circumstances, as based upon an 
assumption, the use of so distinctive a term is scarcely for the present advisable. 
It is true that Mr. Lydekker insists upon the existence somewhere of a pre- 
silurian gneiss from which the blocks in the silurian slates must have been 
derived; but it is not certain, however probable, that that rock lay within the 
Himalayan region at all, and until found it would be better designated by 
some less specific name. The reason given for preferring the name ‘central’ 
rather than archean (p. 269) is certainly not admissible; it is, that some of 
the so-called gneiss is now shown to be intrusive. It would be rather sub- 
versive of geological principles to regulate the nomenclature of stratifiéd sys- 
tems according to the igneous rocks that may have invaded them; and it is 
clear that in this case the ambiguity is not in the words ‘central’ and ‘archzan,’ 
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but in the word ‘ gneiss,’ if we choose to retain it for a rock that is proved to be 
a foliated granite, as which it should be coloured on the map whenever its origin 
can be established. Or if the ‘central gneiss,’ as Mr. Lydekker suggests (p. 270), 
is only to indicate the lower limit of a general metamorphism as defined on the 
Bhabeh section, it would form an incongruous member in a scale of formations 
based upon wholly different conditions. 

Mr. Lydekker continues the introduction to his description of the crystalline 
and metamorphic system with a discussion of Colonel McMahon’s papers on the 
Dhuladhar, remarking that in the last of these ‘‘ many of the rocks previously 
alluded to as granitoid gneiss arc termed gneissose granite; and it will accord. 
ingly be understood that where these terms are employed they must be generally 
considered as equivalent” (p. 271). It seems to me that this is precisely what 
we should avoid doing. Compromise, or opportunism, may often be necessary, 
but in geology at least we can adopt it with our eyesopen. The familiarexample 
of chalk and cheese would not adequately represent the confusion here recom- 
mended ; it would be better illustrated as between blood and bone in biological 
research, a provisional equivalence which Mr. Lydekker would hardly tolerate. 
In the ascending scale of differentiation the possibility of mistake has there 
been removed ; but intrinsically among rocks the functional distinction of gneiss 
and granite is just as radical. Except by survivals of the Wernerian school 
gneiss is regarded as of sedimentary stratified origin; and even though locally 
derived by a new birth from the base of the earth’s stratified shell, granite is 
essentially the very reverse of sedimentary. I have no doubt Colonel McMahon 
would abstam from applying the term gneissose granite without sufficient 
reason, and meanwhile the term granitoid gneiss must carry its full signification ; 
for it must be possible that a gneiss should reach the last verge of metamorph- 
ism without extinction of its original stratified relations; on the other hand, it 
would be difficult to place a limit on the pseudo-schistose texture an erupted 
mass may assume under certain conditions. 

In subsequent pages Mr. Lydekker gives liberal extracts from Colonel 
McMahon's papers. They will serve to give his non-professional readers an 
idea of what is understood by critical observation in geology, but they seem to 
be introduced as a basis for an imaginary contention (p, 280) in which Colonel 
McMahon is supposed to deny the existence of the granitoid gneiss even 
in the Dhuladhér. Seeing that the evidence quoted at top of the next page 
for the existence of an archean series of metamorphic rocks in the Hima- 
laya is from Colonel McMahon’s observations (Records, Vol. X, p. 204) this 
is rather perplexing; the conclusion was not made from a thorough study of the 
ground, but it was formally sound, and it is almost the only positive evidence we 
have left on this important question, so J am anxious to see how it will stand the test 
of Mr. Oldham’s approaching investigation. It is impossible to admit with Mr. 
Lydekker (p. 280) that the occurrence of boulders of granitoid rock in the 
slates of Pingi proves that such a rock was then exposed in Péngi, Chamba, and 
Kashmir; especially if those boulders were, as he conjectures, dug to transport by 
ice, they may have come from much farther, possibly from the middle Himalayan 
region to the east. 


PART 1.] Annual Report for 1888. 7 


With the fictitious contention over the archwan gneiss there is involyed one 
on the intricate structural question of faulting versus flexure with inversion. 
This too is peculiarly open to misunderstanding, for more or less of faulting 
would be inseparable from a folded flexure. Colonel McMahon has not recog- 
nised any inverted strata in the Dalhousie section, and so does not yet see the 
need of the folded flexure. Mr. Lydekker has made out a good case for an 
inverted series on the outer flank of the Pir Panjél, and would extend it to tho 
Dhuladhér, as these ranges are certainly homologous; and I think that in the main 
he is right; but here again it would not be supposed from his text that this was 
the view taken of the Dhuladhdér in the first Himalayan work of the Survey 
(Memoirs, Vol. ITI, 2, p. 63, 1864). 

The recent publication of Mr. Blanford’s memoir (Vol. XX, part 2) on his 
Wana Weew Enaneiea: examination of the hills mn Northern Baluchistan and 

Mr. Blanford. South-Eastern Afghanistan during the season 1881-82 

brings forward some points that were not available for 
last year’s report. I need hardly say that the memoir is replete with sound 
observation and lucid exposition, or how much we have to regret that it is the 
last record of geological field-work in India that we can expect from Mr. Blan- 
ford. A slight alteration of the classification of formations adopted in his Sind 
Memoir is now indicated (p. 46): according to the critical examination of the 
fossils by Dr. Martin Duncan (Pal. Ind. Ser. XIV) the Cardita beawmonti beds 
are now placed as lowest eocene instead of cretaceous ; and the change is also rather 
in accordance with their petrological characters. Their position below the trap 
had something to say to their being regarded as cretaceous, and now we have to 
give a corresponding lift to the trap itself which is presumed to belong to the 
period of the Deccan trap; this must have been one of great duration, and 
the eocene basalt of Ranikot would probably belong to its uppermost horizon. 
The total disappearance of the G4j and Nari marine beds of Sind in the western 
highlands as well as northwards is a very interesting observation. The latter 
feature was a prominent object of Mr. Blanford’s investigation, with a view to 
the correlation of the sub-Himalayan tertiaries, and although the examination was 
not carried so far northwards as was hoped for, the question is, I think, virtually 
settled as far as it is likely to be from this quarter, though perhaps not as Mr. Blan- 
ford suggests. The correspondence of the Manchhars of Sind with the Siwaliks 
has been fully recognised, and Mr. Blanford has now traced them continuously 
along the Bugti and Suleiman hills, where fora considerable distance they over- 
lap all the middle tertiary groups and rest upon the eocene. The marine Gé4j 
and lower Nari do not occur at all in this ground, but a sandstone which Mr. 
Blanford takes to represent the Nari sandstone re-appears on the flanks of the 
Suleiman resting on the eocene shales, and he suggests (p. 55) that it may 
represent the Murree beds of the sub-Himalaya. I hardly think that this will 
prove correct. The lithological resemblance is not so close as Mr. Blanford sup. 
poses; “ brown sandstone, rather harder and darker than the Siwalik sandstone,” 
does not at all match the Murree or Dugshai rock, which has a prevailing purple 
eclour and is densely hard. There are rocks above the Murree horizon and 
below any recognised Siwaliks that would answer much better to the Nari sand- 
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stone of the Suleiman. But this is the least consideration. The intimate transi- 
tion of the Murree beds and the eocene is not described as occurring at the base of 
the Nari in the Suleiman section; there is also a much greater thickness of 
deposits above the Murree zone in the sub-Himalayan region than above the 
Nari in the Suleiman. These considerations coalesce with what must, I think, be 
taken as the probabilities of the case: the exclusion of the sea from the 
northern ground was a most gradual change and no doubt took effect earliest iz 
the north, where the highest marine and lowest fresh water deposits would thus 
presumably be older than at any point to the south. It is not unlikely that the 
whole Sirmur series is eocene. This sort of thing is no doubt awkward for 
the map maker; geologists must only learn to adapt their scales to the processes 
of nature. 
At the other end of the Himalayan area, in Assam, Mr. LaTouche was engaged, 
at the special request of the Public Works Department, 
ASSAM: ° ‘ : : 
Mr. LaToucke. in prospecting for coal and iron, where it was pretty cer- 
tain none would be found, in the upper tertiary rocker 
forming the hills between Cachar and the Dimapur valley in Assam through 
which it is proposed to run a line of railway. The result was as expected; but 
in proceeding to his work Mr. LaTouche traversed some new ground, a note upon 
which is published in the Kecords for the year. He was to have taken up 
during the current season the survey of the coal-field in the Garo hills, his 
preliminary examination of which was made at the close of the last season 
(Records, Vol. XVI, p. 164); but with the permission of the Chief Commissioner 
he was deputed to accompany the survey party under Lieutenant-Colonel Wood- 
thorpe, R.E., proceeding to explore the Upper Dehing basin. This would be very 
interesting ground, as it must reach beyond the zone of tertiary rocks fringing 
the Upper Assam Valley and probably beyond the range of the Arakan-Munipur 
axis. Unfortunately this plan was interrupted by the Aka raid, the survey 
party being diverted into that territory, and Mr. LaTouche with it. This is 
Himalayan ground proper, not far to the west of the Daphla district visited by 
Colonel Godwin-Austen in 1865, and probably like it in structure. 
The Peninsula Area.—Mr. Foote completed his survey of the coastal region on 
both sides of Cape Comorin, and the result is now pub- 
Fee? lished (Memoirs, Vol. XX, part 1) with a largo map. The 
j region is not particularly attractive geologically. One 
point of general interest has been provisionally suggested by Mr. Foote. The age 
of the Cuddalore sandstones has been unknown ever since the formation was first 
described by Mr. H. F. Blanford under this name in 1863 (Memoirs, Vol. IV, 
part 1); it occurs extensively in the Godavari district as the Rajamundri sand- 
stone, and in Travancore as the Warkilli beds, and at many intermediate points. 
It is totally severed from the cretaceous deposits of Trichinopoli, but as it had 
only yielded silicified wood and impure lignite, nothing could be fixed as to its 
age, and it has passed generally as tertiary. Mr. Foote has now (p. 40) with some 
probability identified a fossiliferous marine sandstone as belonging to this group- 
If this observation be upheld, or rather until it is contradicted, the Cuddalore 
sandstones must rank as post-tertiary or even sub-recent. 
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In this connection I may mention the recent re-discovery of Gencral Cullen’s 
tertiary limestone near Quilon by Mr. Logan, the Resident 
i osnes, PaMESTOEE: iy, Travancore, In the annual report for 1881 (Records, 
Vol. XV), I mentioned that Mr. King had failed to find 
this interesting bed during his rapid survey of the Warkilli deposits (Records, 
Vol. XV, p. 94). It was certainly not to be found at the place assigned in the 
published account of General Cullen’s observations, and no one at Quilon could put 
Mr. King on the track of it. Mr. Logan has now sent specimens collected by 
himself at the spot, known as Purappakkara, about 7 miles north-east of Quilon, 
@ much greater distance than that given in the notes published by Dr. Carter. 
General Cullen was presumably an Irishman. 
By desire of His Excellency the Governor of Madras Mr. Foote at tho begin- 
Bria Surcau Caves, “ing of the current field season took up the exploration of 
the ossiferous caves in the Karnul district, mention of which 
was made in last year’s report. Owing to the total want of local information 
regarding these caves there was much difficulty in finding them, and work was 
commenced in a cave said to be called Billa Surgam, but which turned out not to 
be the locality where Newbold had made excavatious. This cave was, howover, 
found out in time, and the exploration has now made some progress with fair pro- 
mise of success. Unfortunately a diversion has arisen in an urgent demand for 
the examination of the country between Bezvada, Singareni, and Hyderabad, with 
@ view to the possible occurrence of coal and iron deposits, in connection with a new 
line of railway. No other officer being available it has been necessary to depute 
Mr. Foote for this work, the cave exploration being for the time suspended. 
In March last regular mining exploration of the Umaria coal-field was com- 


Tux Sourn Rewaz $=-menced under Mr. Hughes’ direction by opening a shaft of 
COAL-FIEIDS : 10 feet in diameter. There being no suitable shelter on 
Mr. Hughes. the ground the work had to be suspended during tho 


monsoon; but an early start was made at the beginning of the current season, by 
the close of which it is fully expected a sufficient judgment can be formed of tho 
value of the coal-seam. It is also hoped that the survey of the much larger 
Sohagpur \coal-field will be completed during this field season. Mr. Hughes con- 
tinues to report favourably of the services rendered by Sub-Assistant Hira Lal. 
In connection with the coal-fields of South Rewah, the resources of iron for 
which the north of the Jubulpur district has long been 
noted assume much importance. The information re- 
garding the nature and extent of the ores not being as 
definite as was desirable, Mr. Mallet was deputed to examine the question. His 
report is published in the Records (Vol. XVI, pt. 2). It shows how exceptionally 
favourable all the other conditions are for extensive iron manufacture if the 
coal be found suitable. 
Dr. King returned from furlough on the llth of May. Before leaving Madras 
Cunarmscann Coaz- Be was called upon to accompany His Excellency the 
FIELDS : Governor on his tour through the Cuddapah and Kurnool 
Dr. King. districts. At the beginning of the current season Dr. 
King took up work on the coal-fields in eastern Chhattisgarh, commenced some 
years ago by Mr. Ball. He has been specially directed to select sites for trial 
B 


Katni Iron ORES: 
Mr. Maliet. 
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borings in the Hengir Coal-field in connection with the projected line of 
railway. 

By prolonging the season’s work well into the hot weather Mr. Fedden was 

able to complete his survey of Kattywar. The area is 

Katrywak: principally occupied by the Deccan trap, of which it was 

ener com not desirable to attempt a detailed survey throughont, so 

the work lay principally in the tertiary and post-tertiary deposits of the coastal 

region, with some secondary rocks on the north-east margin. To prepare his 

work for publication as well as to give assistance in the museum during Dr. 

Feistmantel’s absence and on account of the Exhibition it has been necessary to 
retain Mr. Fedden at office during the current field season. : 

After picking up some outliers of the marine cretaceous rocks in Khandesh and 

Nimar, Mr. Bose extended his survey eastwards to Ni- 

KuanpesH, NIMAR: mawar to take advantage of the new survey sheets of 

ees 200 that ground. The map required to illustrate Mr. Bose’s 

memoir of this large area is rather intricate, so there is some delay in publica- 

tion. For the current season Mr. Bose has been transferred to the unexplored 
region of the upper Mahanadi basin, of which detailed maps are now available. 

Sub-Assistant Kishen Singh extended his mapping of the Vindhyan lines, 
east of Bundi. In the middle of the season he was recalled to Bengal, an urgent 
requisition having been made by the Public Works authorities for a search for 
limestone in connection with Barakar iron works and the new line of railway to 
the south-west. Sub-Assistant Kishen Singh brought in numerous specimens of 
limestone from new localities in the gneissic rocks, but none of them were of 
better quality or more conveniently placed than that already in use. I would 
bere record the instructive fact that the native assistants are the first to com- 
plain of the heat and to propose a retreat from field work. 

Pubdlications-—Five parts of the Memoirs were published during the year, 
completing Volumes XIX, XX, and XXII. The appearance of Volume XXII 
before Volume X XI has been unavoidable. There were seven memoirs about ready 
to start and with nearly the same apparent prospects of a finish, and it was neces- 
sary to assign a place for each with a view to the lettering of maps and plates; 
once these were well in hand it was not possible to change. Part 3 of Volume XIX 
is the catalogue of Indian earthquakes commenced long ago by Dr. Oldham and 
now edited by Mr. R. D. Oldham with a map of the principal seismic areas. 
Part 4 is Mr. Oldham’s account of his observations in Manipur and the Naga 
Hills, the publication of which was delayed for the preparation of a map includ- 
ing the recent surveys. Volumes XX and XXII contain the memoirs by Messrs. 
Blanford, Foote, and Lydekker, of which notice has been given above. 

The Records for the year (Vol. XVI) contain 24 articles of various interest 
with numerous maps and plates. 

Of the Paleontologia Indica a full part containing a large section of the 
Brachiopoda of the Productus-limestone of the Salt-range by Dr. Waagen was 
issued during the year; also a part on the tertiary Echinoidea of Kach and 
Kattywar, by Dr. Duncan. Two other parta are on the verge of publication; one 
by Dr. Duncan on the Fossil Echinoidea of the Kirthar and Nari groups in 
Sind; and one by Mr. Lydekker on the Siwalik Carnivora. 
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Muasewm.—The collections in the museum are in good preservation. Mr. 
Mallet’s descriptive catalogue of the systematic series of minerals was issucd 
in May; also, in December, his Guide to the Economic Mineral Products, giving 
@ very instructive account of each class of substance, its use and distribution, 
with reference to the specimens in the cases. The foreign and Indian samples 
are placed separately in the several classes, as are also the samples from tho 
different provinces of India. 

Library.—The additions to the library were 1,597 volumes or parts of volumes, 
740 by purchase and 857 by donation or exchange. Numerous valuable offers of 
exchange for the publications of the Survey were received and accepted, with the 
sanction of Government. I am glad to be able to say that the promise made in 
last year’s report has been fulfilled; the catalogue of the library is now at the 
press. But for the unflagging exertions of our librarian, Mr. W. R. Bion, this 
could not have been accomplished, in addition to his already sufficient duties as 
Registrar ; he has devoted many spare hours of holiday tame to preparing and 
arranging the slips for the library catalogue. 

Scismometric observations.—With the co-operation of Mr. H. F. Blanford, 
Meteorological Reporter to Government, some simple scismometric instruments 
have now been set up at Silchar, Sibsagor, and Shillong, forming a minimum 
group for the determination of centres of disturbance in the Assam region. 

Personnel.—Mr. Hacket was absent on furlough throughout the year; and 
Dr. Feistmantel went on furlough on the 28th March. Mr. Wynne left India on 
medical certificate on the 17th March 1880; and after repeated extensions of 
sick leave he had finally to be invalided, retiring from the service on 11th April 
1883. When he joined in November 1862 he had had several years’ experience 
on the geological survey in Ireland. In India some choice fields of work fell to 
him, such as Cutch (Kach) and the Salt-range, of which he has left well illustrated 
descriptions in our Memoirs. Mr. Lydekker too has not returned from the s pecial 
leave taken in February 1882; having obtained extension of leave for 14 
months without pay he resigned his appointment under an arrangement that 
permits of his completing the work he had in hand. He joined the Survey in 
November 1874, and his short career in India has been a very busy one. As 
soon as our collections were moved to the new museum and amalgamated with those 
of the Asiatic Society of Bengal, he undertook the arrangement and description of 
the extensive series of tertiary vertebrate fossils, large additions to which were 
made by Mr. Theobald in the Punjab. Mr. Lydekker’s description of the Siwalik 
fauna in the Paleontologia Indica will form an enduring record of his zeal and 
ability. Two new assistants joined the Survey on the 28th December—Mr., 
Edward James Jones, A.S.R.M., and Mr, Charles Stewart Middlemiss, A B. 
(Cantab). They have gone to be broken-in to camp life; Mr. Jones, with Mr. 
Hughes in south Rewah; and Mr. Middlemiss, with Mr. Oldham in the Himalaya. 


H. B. MEDLICOTT, 


Superintendent, Geologicul Suivey of India. 
CaLcorta, 


The 22nd January 1884. 
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List of Societies and other Institutions from which Publications have been received 
in donation or exchange, for the Library of the Geological Survey of India, 
during the year 1883. 


AmsTreRpamM.—Netherlands Colonial Department. 
BaLLaaRat.—School of Mines. 

Baset.—Natural History Society. 
Batavia.—Batavian Society of Arts and Sciences. 
Betrast.—Natural History Society. 

Beruin.—German Geological Society. 
7 Royal Prussian Academy of Science. 
Bo.ocra.—Committee, International Geological Commission, 
me Geological Institute. 

. International Geological Congress. 
Bompay,—Bombay Branch, Royal Asiatic Society. 
Boston.—Ameriean Academy of Arts and Sciences. 

- Society of Natural History. 

BreEsLav.—Silesian Society of Natural History. 
Bristot.—Bristol Naturalists’ Society. 
BacsseLs.—Geological Society of Belgium. 
93 Royal Academy of Science, Belgium. 
3 Royal Geographical Society of Belgium. 
99 Royal Malacological Society. 
99 Royal Natural History Museum of Belgium. 
Bupapest.— Geological Institute, Hungary. 
BourraLo.—Society of Natural Sciences. 
Carn.—Linnean Society of Normandy. 
Catourra.—Agricultural and Horticultural Society. 


ae Asiatic Society of Bengal. 

on Calcutta Exhibition of Indian Arts and Manufactures. 

e Economic Museum. 

‘5 Jeypore Exhibition for Indian Raw Produce, Arts and 
Manufactures. 

zs Meteorological Department, Government of India. 


Camusripen.—Philosophical Society. 
Campripar, Mass.—Museum of Comparative Zoology. 
CassEL.—Society of Natural History, 
Curistiania.—Kditorial Committee, Norwegian North Atlantic Expedi- 
tion. 
Corgnnagen.—Royal Danish Academy. 
Denra Dux.—Great Trigonometrical Survey of India, 
Disox.—Academy of Sciences. 
Dresben.—Isis Society. 
Dus.iw.—Royal Geological Society of Ireland, 
» Royal Irish Academy. ) 
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EpinpureH.—Royal Scottish Society of Arts. 

- Royal Society of Edinburgh, 
Grnrva.—Physical and Natural History Society. 
Giarus.—Swiss Society of Natural Science. 

Guiascow.—Glasgow University. 
Philosophical Society. 
Gorrtrncen—Royal Society. 
Ha.uE.—Leopoldino Academy. 
" Natural History Society. 
Harrispure.—Geological Survey of Pennsylvania. 
Hosart Town.—Royal Society of Tasmania. 
KOnicspurG.—Physikalisch-okonomischen Gesellschaft. 
LAUSANNE.—Vaudois Society of Natural Science. 
Liverpoot.—Geological Society. 
Lonpon.—Geological Society. 
Tron and Steel Institute, 
Journal of Science. 
Linnean Society. 
Royal Asiatic Society of Great Britain and Ireland. 
Royal Geographical Society. 
Royal Institute of Great Britain. 
Royal Society. 
Society of Arts. 
Zoological Society. 
Trons. —-As»uciation of Natural Sciences. 
5 Museum of Natural Science. 
Mapras —Literary Society. 
Maprip.—Geographical Society. 
MancHeEstTeR.—Geological Society. 
MELBOURNE.—Mining Department, Victoria. 
js Royal Society of Victoria. 
Mitan.—Italian Society of Natural Science. 

MINNEAPOLIS.—Minnesota Academy of Natural Sciences. 
Moscow.—TImperial Society of Naturalists. 
Monicu.—Royal Bavarian Academy. 

NevucwatTeL.—Society of Natural Sciences. 
NEWCASTLE-ON-TYNE.—North of England Institute of Mining and Mechanic: 
Engineers. 
New Haven.—American Journal of Science. 
New ZeaLanp.—Museum of New Zealand. 
Paris.—Geological Society of France. 
» Mining Department. 
PurapEeLraia.—Academy of Natural Sciences. 
3 American Philosophical Society. 
as Franklin Institute. 
Presa.—Society of Natural Sciences, Tuscany. 
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PLyMovu1H.—Royal Geological Society of Cornwall. 
Romue.—R. Accademia dei Lincei. 
33 Royal Geological Commission of Italy. 
Roorket.—Thomason College of Civil Engineering. 
St. Pererspurc.—Geological Commission of the Russian Empire. 
i Imperial Academy of Sciences. 
SALEM, MASS,—American Association for the Advancement of Science. 
- Peabody Academy of Science. 
Sim_a.—Quartermaster General’s Department, India. 
Sincapore.—Straits Branch, Royal Asiatic Society. 
S10cKHoLM.—Geological Survey of Sweden. 
SypNEY.—Australian Museum. 
33 Royal Society of New South Wales. 
Toronto.—Canadian Institute. 
Turin.—Royal Academy of Sciences. 
Vienna.—Imperial Academy of Sciences. 
. Imperial Geological Institute. 
W asHINGTON.—Department of Agriculture. 


‘5 Smithsonian Institute. 

‘ United States Geographical Survey west of the 100th Meri- 
dian. 

‘ United States Geological Survey, 


WELLINGTON.—New Zealand Institute. 
Yoxkouama.—German _Natsalista’ Society. 


= Sous. Yorkshire Philosophical Sosiety- - 

Lhe Governments of Bombay, Madras, North-Western Provinces and Oudh, 
and the Punjab. 

Chief Commissioners of Assam, British Burma, and Central Provinces. 

The Commissioner of Northern India, Salt Revenue, 

The Resident at Hyderabad. 

The Comptroller General. 

The Surveyor General of India. 

The Superintendent of Government Farms, Madras. 

Departments of Revenue and Agriculture, Foreign, and Home, 


Considerations on the Smooth-water Anchorages, or Mud Banks of Narrakal and 
Alleppy on the Travancore Coast. By W. Kine, B.A.,1).Sc., Deputy Superin- 
tendent, Geological Survey of India. (With a map.) 


From time immemorial two anchorages on the west coast of Southern India 
have been known to mariners as presenting the marvellous feature of being 
perfectly quiet and smooth, while the sea outside may be tumbling in before the 
gales of the south-west monsoon. The bottom, or ground, of these anchorages is 
also peculiar in being a very fine, soft, unctuous mud, which has over and over 
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again been supposed to act as a barrier against which the force of the waves was 
expended. 

In these quiet roads, ships are not only able to ride safely, but, so it is said, 
can sometimes take in water alongside, the sea beneath them being so diluted 
with fresh water from inland sources at this particular season. Not only is 
there this wonderful quietness of the sea; but at times on one of the banks the 
smooth surface may be broken by burstings up, or huge bubbles—*“ cones” as 
they have been called—of water or mud from the sea bed, and even roots and 
trunks are reported to have floated up with these ebullitions. Yet, again, the 
banks of mud are not fixed in position, but move along the coast within ranges 
of some miles in extent; or one of them may remain comparatively stationary, 
while the other may move; and these movements do not take place year by year 
as having a relation to the monsoon periods, but continue over many years. 

Unfortunately no continued series of systematic observations has ever been 
made with reference to these phenomena, so that no satisfactory conclusions could 
be formed as to their origin or causes. From time to time, however, observations 
have been made, and suggestions offered, in explanation of them ; some of which 
when looked into are very plausible, and may indeed be the right ones. There is 
no doubt, however, that certain of these observations require corroboration ; and 
with a view to this, the present paper—practically a compilation of previous 
knowledge—is now put forward. 

Within the last few years these banks have once more attracted attention : 
first in a commission of enquiry into the harbours on the west coast in 1881, con- 
ducted by the then Superintending Engineer (Colonel R. H. Sankey, R.K., C.B.) 
for Madras ; and next by Mr. Logan, the Acting Resident of Travancore, in his 
Administration Report for 1881-82. The Harbour Commission was carried on 
early in the year, when the conditions of the weather were altogether unfavour- 
able to any exhibition of the features of these anchorages, the sea being gonerally 
quite calm; but I was enabled then to obtain some specimens of the mud. An 
analysis of this showed its oily constitution, and thus some of the obscurity 
surrounding the action of the mud was cleared off. Subsequently Mr. Logan’s 
evident great interest in the matter led to the writing of a paper by Mr. Rohde, 
the Commercial Agent of Alleppy, which throws greater light on other features 
of the phenomena. 

By all accounts there are other but quite insignificant patches of smooth 
water and mud bank at various points along the Travancore and Malabar coasts, 
but those best marked and most generally known are near Cochin and Alleppy. 
There is no well-defined situation for either of these banks on account of their 
movements to the North or South. That near Cochin or the Narrakal bank may 
be said to lie between Cochin and the Cranganore river, 11 miles to the north; 
or the range over which it has been observed during the last 200 years is about 
113 miles: it does not appear to have ever passed south of the northern spit 
of the opening of the great backwater at Cochin; and for many years its position 
has been about the middle of the range, between the villages of Nairumbalum 
and Veearrakull (Narrakal). The other bank, 40 miles or so to the south of this, 
ranges from a mile or two north of Aulopolay (Alleppy) to Poracaud, a distance 
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of 12 or 15 miles: it is now, and has been for several years, at the southern 


end of this range, and indeed goes often by the name of the Poracaud mud 


bank. 
The term ‘Mud Bay’ has been applied by writers and explorers to both 


though there is no bay feature about either of them now. An 


chorages, 
anchorag d ‘bay’ will be found in one of the extracts 


explanation of the use of the wor 


given further on. 
The mud banks are situated close along the beach, but extend out to seaward 


for some miles, presenting a more or less semi-circular or flat crescentic convex 
edge to the long rollers and tumbling waves of monsoony weather. Thus it is 
quite easy for boats or small canoes to put off from the shore. 

Ordinarily, during the non-prevalence of the monsoon, the sea is tolerably 
smooth, only rolling on the shore with more or less of a surf; and then these 
patches are only to be distinguished by the soundings of mud below them. Even 
when the monsoon bursts, it is said that they are not always distinguishable at 
once, but generally only after a few days or so when the whole sea line has been 
affected and the mud at these particular places stirred up. After this the muddy 
waters will calm down and so remain for the rest of the monsoon. 

The mud itself is essentially characteristic, and, as far as my limited experi- 
ence goes of muds along this coast, unique. It is, when brought up, of a 
decided dark-groen colour, slightly tinged with brown ; exceedingly fine in texture, 
only slightly gritty at times from fragments of comminuted shells; very soft 
and oily fecling, altogether just like a very fine soft ointment or pomatum. 
After a time it dries and hardens, loses its oily feel, and becomes harsh like 
an ordinary mud. It is easily stirred up on the bank, being in its upper part of 
great liquidity, the lead or the boat pole sinking into it from 3 to 6 feet: below, 
it is more compact, and still deeper forms a good holding ground for anchors. 
It has always been described as havgni a slimy or oily consistency, but that it 
actually contained oil has, I believe, only been surmised by a few observers ; indeed, 
as will be seen further on, one scientific observer rather scouts the idea. There 
is no doubt, however, that it does contain oil in appreciable quantity, as ascer- 


tained by analyses of the specimens obtained in January 1881, and sent 
to the Survey laboratory in Calcutta. e , up then 


The specimens sent up were as follows :-— 


1017. Mud, off the Cochin river month, 4 fathoms. 
L018: Mud, from the Narrakal bank, 4 miles north, close in shore. 
on bea from Narrakal bank, off pier head, 2 fathoms. 
. Mud, from Poracaud bank, 7 miles south of All i 
shore, 24 fathoms. 7 eo 


1021. Mud from Poracaud bank, 7 miles south of iles from 
shore, 4 fathoms, _ oe 


My colleague, Mr. F. R. Mallet, who made the assays, writes :— 


“All gave off, when subjected to distillation some 
; ) brownish- 
water, es pig nof unlike petroleum. - No, 1019 gave off the naa ill nahi nearly 
much, * smaller amount, 1020 very little, and 1018 aimost none: 1019 wad 1081 were 
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digested with ether, which extracted a small quantity of brownish-yellow greasy matter from 
them ; the other samples were not tried in this way. 

“The quantities of mud sent were too small to allow of the oily matter (which in the case of 
1019 only amounted to a drop or two) being subjected to examination.” 

A further point about the constitution of these muds is that they contain 
a considerable quantity of forameniferal and infusorial remains, which were 
described by the late Captain Jesse Mitchell, Superintendent of the Government 
Central Museum, Madras.' The foramenifera are referred to the genus Rota- 
lina (D’Orbigny); and the Diatomaces are summarized as containing in all 62 
species belonging to 30 genera. He also says that the mud first reccived had a 
brown colour; but that a second supply, which was quite wet, had a somewhat 
greenish tinge, the colour depending on the quantity of water present. Some, 
which had been exposed for several days to the sun, became almost white. 

I will now proceed to lay before the reader the further published information 
regarding these phenomena, and the theories as to their origin. 

Alleppy-Poracaud bank—The earliest account dates as far back as 1678 to 
1723, in an extract from Hamilton’s account of the East Indies in Pinkerton’s 
Collection of Voyages and Travels,* which is given in the Administration Report 
for Travancore, 1860. 

“ Mud Bay is a place that, I believe, few can parallel in the world: it lies on the shore of 
St. Andrea, about half a league out in the sea, and is open to the wide ocean, and has neither 
Island nor bank to break off the force of the billows which come rolling with great violence on 
all parts of the Coast in the South West monsoon, but on the bank of mud, lose themselves in a 
moment, and ships lie on it, as secure as in the best harbour without motion or disturbance. It 
reaches about a mile long shore, and bas shifted from the northward in 30 years about three miles. 

* A MS. note has the following remark :—This singular accumulation of mud still exists, and 
still affords the same convenience for anchorage in the worst weather. The present account 
was published in 1723 and now in 1825. The mud bank has shifted from St. Andrea in N. Lat. 90° 
40’ to Poonaganot in N. Lat. 90° 25’, being 15 miles in 102 years.” 


Mr. Maltby (then Resident) adds: 
The mud bank now (1860) is in latitude 90° 28’ 30”. 


The next account I can find is of much later date, in “ Notes of an excursion 
along the Travancore Backwater,” by Captain Heber Drury, 45th N. I., dated 
1858. 


“‘ Alleppey,® Aulopolay, or Alapushe, as it has been variously named, is the present commercial port 
of Travancore, and the principal depdt for Salt, Cardamoms, Pepper, Teak-wood, and other products 
of the country, It is reached by a canal leading from the backwater nearly due west, the length 
being about 3 miles.” * * * * * + * # # ® ¥ % 

‘*¢ Important as Alleppey is to the Travancore Government as a commercial depét, from the facility 
of an inland water communication, which enables the forest products to be brought to the very 
doors of the godowns established for their reception, yet undoubtedly its greatest advantage as an 
emporium arises from the singular natural breakwater formed in the open roadstead, and which 
consists of a long and wide bank of mud, the effect of which is so completely to break the force of 
the houses (sic), that large vessels in the stormiest weather cum securely anchor in the open roads, 


1 Jour., Madras, Lit. and Sec., XXII, N.S. 6., p. 264, e¢ seg. 

® See, XIII, Public Works of Travancore. Proceedings of the Madras Government, 1861. 
Published also in the Madras Jour., Lit. and Sci., XXII, N.8. 6., p. 127, ef seq, 

2 Madras Jour., Lit. and Sci., XIX, N.S. 3, p. 217, e¢ seq. 
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where the water is us calin as x mill-pond. It is this extraordinary deposit which has earned for 
Alleppey the name of “mud bay.” The origin of this deposition of so large a quantity of mud in 
the open sea about two or three miles from the shore, and so many miles from any bar or outlet 
from the backwater has never been satisfactorily accounted for. From the circumstance of there 
being no natural outlet for the vast accumulation of waters which are poured down from the 
various mountain streains into the basin of the backwater, uenarer than thirty-six miles on either side, 
it is not improbable that there exists a subterraneous channel communicating with the sea from the 
backwater through which the large quantity of nud is carried off and thrown up again by the 
sen in the form of a bank. Being subject to tidal action, the bank is more or less shifting at 
evrtain seasons, but not to a material extent. It imparts a dirty-brown colour to the water for x 
considerable distance, and close to the shore the waier is usually of a thickish consistency, being 
deep'y impregnated with mud and slime.” 


Mr, Crawford, the then Commercial Agent at Alleppy, thus reports to the 
Resident of Travancore—date, 20th June 1860 !:— 


“Licut Taylor attributes sinoothness of the water to the soft mud at the bottom, which 
when ‘stired up by a heavy swell from seaward the activity of the waves is so deadened as to 
render the shore line free from surf.’ I regret never having met Lieutenant Taylor. 

‘A number of years ago, I brought to the notice of General Cullen, that the perfect smooth- 
ness of the water in the roads and at the beach at Alleppey, was attributable, not to the softness 
of the mud at the bottom, so much as the fact of the existence of a subterranean passage or 
stream, or a succession of them, which communicating with some of the rivers inland and 
backwater become more active after heavy rains, particularly at the commencement of the 
monsoon, than in the dry season, in carrying off the accumulating water, and with it vast quan- 
titics of soft mud. General Cullen, the Resident, sent a quantity of piping and boring apparatus 
in order to test the existence or otherwise of what I had urged. Accordingly, I sunk pipes about 
700 yards cast from the beach and at between 50 and 60 feet depth: and after going through n 
crust of chocolate-colored sandstone, or a conglomerate mixture of that and lignite, the shafting 
ran suddenly down to 80 fect ; fortunately it had been attached to a piece of chain, or it would 
have been lost altogether. Several buckets from this depth were brought up, which corresponded 
in every respect with that thrown up by the bubbles as they burst at the beach, which I shall here 
try to describe as accurately as I can. Due west of the Flagstaff and for several miles south, 
but not north of that, the beach will after or during these rains suddenly subside, leaving a long 
tract of fissure varying from 40 te 100 or 120 yards in length ; the subsidence is not so quick at 
first, but when the cone of mud once gets above the water the fall is as much as 5 feet in some 
instances, when the cone bursts, throwing up immense quantities of soft soapy mad, and blue 
mud of considerable consistence in the form of boulders, with fresh water, debris of vegetable 
mutter, decayed, and in some instances green and fresh. These bubbles are not confined to the 
seaboard, but are, I am inclined to think, both more active and numerous in the bed of the roads 
with the Flagstaff bearing from K.-N.-E. to the South, until it bears N.-E. by N., or even 
South of that. About five years ago for about 4 miles down the coast and from the beach 
out to sea for a wile and a half, the sea was nothing but diqguéd mud, the fish died, and as these 
cones reared their heads above the surrounding mud, they would occasionally turn over a dead 
Porpoise* and numerous other fish: the boatmen had considerable difficulty in urging their 
canoes through this to get outside of it; the beach and roads presented then a singular 
appearance,-— nothing to be seen but these miniature volcanoes, some silent, others active, perfect 
stillness of all around the ships in the roads as if in seme dock, with a heavy sea breaking at 
7 fathoms outside, . 

“There arc numerous deep holes; some of them 1 measured in 1852; one in particular just at 


3 Madras Jour. Lit. and Sci., XXII, N.S. 6. pp. 188-136. 
2 A note is appended to this by Mr. F. N. Maltby, the then Resident :—“Porpoises are 
very numerous in the backwater,” 
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the end of this canal ? had as much as 60 feet in depth. These holes may or may not communicate 
directly with the roads, but I think it will be found that the principal sources of active communi- 
cation is more inland, and the backwater perhaps only an auxiliary. About 3 miles above 
Chenganoor [16 mites east of Porscaud], in the river of that name, there is one or two deep 
“ Linus,” which [ only had an opportunity of visiting twice; the first time, I had not the means 
of ascertaining the depth ; the next, I lost both lead aud line. 

“The depth of this passage? is not so great as you approach the beach as noticed above, for 
while extending the canal from the Timber Depét in March last, about 200 yards from the beach 
at 12 feet, we suddenly and unexpectedly broke through the substratum, when a column, fresh 
water, mud and vegetable debris, and about 9 inches in diameter, spouted up, which when ltt 
alone, gradually subsided as the upper stratum of sand filled in round the colunn of the spring. 

~ I gubmit the above information as I feel it will be interesting, both to yourself and Govern- 
ment, to pursue the investigution of this subject more efficiently. I have owitted to state one 
important particular,—that is, should zo rain fall, as has been the case this year, the sea in the 
roads and at the beach is not zearly so smooth ; up to this time we havo had none of the mud cones 
barsting at the beach, neither in the roads, as the waves tumble in perfectly clear: there was o 
heavy surf from the 26th ultimo to 9th instant, but never in any instance for those last 11 yenrs 
has the rain held off so long as in this, and the ronds and beach have always by the end of May been 
perfectly smooth. To illustrate the perfect smoothness of the ronds aftor the monsoon has fairly 
set in, a ludicrous event which occurred two years ago will suffice. During a heavy westerly 
gale of wind in May 1858, a ship had to call at Alleppy for pepper bound to London. The Captain, 
who had been frequently here before, sighted the light at midnight, and ran from the heavy 
sex into the smooth water of the road. The small sail they had set was soon stowed and the anchor 
got ready, the leadsman being told to report when he got into 43 fathoms. ‘Time clapsed, and 
considering the strong gale that was then blowing right on to the shore, the ship should have been 
in that water long before; but to every enquiry of the Captain ‘6 fathoms’ was reported, until 
he took the lead line in his own Land, and discovered, for the first time, that the ship was aground ! 
The anchor was let go, and notwithstanding the distance she had over-run, she swang at onco 
to the wind, and remained all night until the next afternoon, when the wind drawing more 
to the northward she made sail and stood out to the proper anchorage, remaining there, as she 
did when aground, still as in the London docks. 
“ The fall of rain up to this time is only 7,4, inches since April, and from the Ist of January 
13 inches only.” 

The latest notice*® is that of Mr. Rohde, the present Commercial Avent at 

Alleppy. 


‘This anchorage known to the pioneers of commerce as Mud Bay is only apparent in the 

S. W. monsoon, and in 1849 its southern limit was 4 mile N. of Alleppy, since which date 
it has steadily shifted to the South, and for the last 3 years has decreased in area each mon- 
soon. The original theory seems to have been that the bank travelled year by year southwards 
and then suddenly resumed its original place, but from the various observations taken, this seems 
to be an error, and from the notes I have made during my 13 years residence on the Malabar Const, 
I believe that Mr. Crawford, the former Commercial Agent and Master Attendant of Alleppy, and 
who, in addition to 30 years’ residence in Alleppy, had previous nautical experience of the const, 
was correct in his conclusion that the bank of mud is created by the hydraulic pressure caused 
by the level of the vast backwater being, in the S. W. monsoon, some 4 feet higher than the 
soa. It has been proved by boring that although Alleppy appears to be one vast sand tract 
; it has at a depth of 60 feet *n soft mud foundation, and both Mr. 
Gagsiat da feet theek, uo lean Crawford and I have seen mud \olcanoes bursting up in the sea during 
the rainy season. Those that I have witnessed only appeared as tf 


1 A short canal connects the backwater with the beach. 
The supposed underground passage.— W. K. 
Para. 231 of Report on the Administration of Travancore for the year 1881-82 (W. Logan), 


20) Records of the Geological Survey of India, [\oL. VET. 


nu barzel of gil had suddenly been started below the surface, but Mr. Crawford has seen some burst 

; : und throw up roots and trunks of trees, and it would appear that 
Acne heal : a eee the mud bank thus formed is gradually carried down the coast by the 
in fixed. J think, however,he = Jittoral currents, and after a certain distance bas been travelled, gra- 
ae rignt dually wastes away, and that in place of this bank returning to its 
original position it is a fresh mud bank that is thrown up at certain periods in the vicinity of 
Alleppy, which, it should be noted, has the narrowest strip of land between the backwater and the 
sen, The theory that the mud bank is immediately connected with and due to the height of the 
backwater being above the sea was, I think, conclusively proved this monsoon, as at the height of 
the floods, when the canals were 6 feet above ordinary level, the area of the smooth water off 
Alleppy was so great that it was only by means of a good telescope and standing 20 feet ahove 
sen-level that I could see the breakers and heavy rollers beyond the 
half cirele of smooth water. This flood was on the 13th June and 
was followed by a rapid fall, and the half circle of smooth water of 
the sea beach contracted as the waters fell. The floods again rose inland, and the smooth water 
circle expanded in proportion. 

“ Phe mud itself is of a peculiar character and so soft that a light lead (4tbs) put over the end 
of a pier apparently shows 2 fathoms of water, but on drawing up the line, 6 fect is found to be 
water and 6 feet soft oily mud. 

“ There are other points which, although I do not profess to sufficient scientific knowledge to 
show the connection between, with the mud bank, I think sbould be noted, as this natural smooth 
water anchorage has been a source of much discussion in scientific circles, and I believe that any 
notes given of the formation of the land must be of interest, 

“I cannot give dates as I have no records, but it is certain that the coast from about north 
of Calicut to south of Quilon was once well above the level of the sea, and was after a long period 
totally submerged and then again was thrown up by volcanic action and has again been partially 
covered by sea. I state this because in cutting the Warkilli tunnel, trees were found, and also 
shells have been found on the coast which are known to belong to a class of shell-fish that only 
live in very deep water. Remnants of a fort at Poracaud were visible 30 years ago, and at Calicut 
and Vypecn massive buildings are now in the sea. 

‘Secondly, I should note that deep pot-holes exist in the big lake East of Alleppy of from 
20 to 70 fect in depth, which, sceing that lake is for the most part only a few feet deep, isa 
curious circumstance and would tend to strengthen the belief that I have heard expressed, that 
subterrancan rivers connect the backwater with the sen. 

“The area of the lake to which I refer is nearly 100 square miles, and its nearest point to the 
sea, 3 miles. With arise of 4 feet, or as occurred in the floods of 1882, of 6 feet, it can be easily 
believed that the enormous pressure thus caused would force relief ways for itself below the coast 
line through soft mud casier than through ground which is densely covered with cocoanut trees, 
the fibrous roots of which bind the ground into a solid mass. 

“Asimilar mud bank exists off Narrakal, and I have often heard it put forward as an argu- 

; ment that mud banks on this coast do not shift, but I think the steadi- 
rete or Pont et Cranes: ness of the bank off Narrakal is due to the enormous body of water 
Herbal geht ack) ¢ né = which pours out 6 miles south from the Cochin harbour and which 
from carrying it away. scour throws up sand-banks which probably tend to prevent the shift- 

W. Le ing that would otherwise take place. 

*¢ Other smaller mud banks occur at differefit places, but are of too small an area to be available 

for any shipping business, but they all show a progressive tendency sonthwards.” 


Narrakal, or Cochin, Bank.—The only information I can find concerning this 
bank is from two papers in the Madras Journal of Literature and Science, } by 
Dr. Day and Captain Mitchell, 


3 Vol. XXII, N, 8. 6, pp. 260 and 264,—-1861; “ Narrikal or Cochin Mud Bank.” By Francis 
Day, Civil Surgeon, Cochin ; and “The Mud Bank at Narrikal, near Cochin; its composition, as 
exhibited by the microscope.” By Lieutenant J. Mitchell. 


This is very good cvi- 
dence, 
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In the first, the following extract is given from Stavorinus, the Dutch Navi- 
gator, who so far back as 1777 wrote :— 

‘Coast is safe and clear cverywhere along “%he Company’s establishment, except at the 
mouth of the river of Cranganoor, where there is a reef at the north sido which stretches ont to 
the sea, about three-quarters of a league; it is called the reef of Aycotia by our Navigators ; before 
Coylang (Quilon) there is a similar one but which docs not extend half so far out. South of the 
above-mentioned mouth of the river of Cranganoor, there isa bay, formed by mud banke : like- 
wise one not far from Porca, and another south of Cochin: the banks forming which oxtend 
full an league out to sea, and into which vessels may run with safety during tho bad monsoon, 
and may lie in twenty «and less feet of water, almost without anchors or cables, in perfect security 
against the heavy seas, which then rollin upon this lee-shore, as they break their force upon the 
soft mud banks, and within them nothing buf a slight motion is perccived.” 

Dr. Day continues :— 

‘In Horsburgh’s East Indian Directory, fifth edition 184], page 512, it is stated under the 
head of Cranganoor Fort—-‘ From the south point (of Aycotia or Cranganoor river) a mud bank 
with 3 fathoms on it, projects out near two miles to seaward.’ 

“From the foregoing it appears that a bay protected by mud banks existed between the 
mouth of the Cranganoor river towards Cochin in 1777 and then appears to have been 
well known. At present, the same protected spot exists, but it is no longera bay, and for 
the following reason. Though the northern projection of the coast at the mouth of the Cran- 
ganoor river, forming the northern extremity of the ‘mud bay,’ is still present, the southern 
projection, or that between Narrikal and the mouth of the Cochin river, is gone, having in {net 
been covered by the sea (at this place a church stood, which is now submerged): had it not been 
so,a@ ‘mud bay’ would still be present, It is curious that this law of encroachments of the sea 
is now the rule on the Western Coast, because tradition! and an examination of the geology of 
the country both lead to the conclusion that the sea formerly washed up to the Western Ghauts ; 
thus Malabar has been literally raised from the sea. 

“During the south-west monsoon, the rivers on the Western Const swell toa great extent, 
and become loaded with alluvial deposits. Should any obstruction occur at their outlets, 
deposits sometimes take place, as at the Cranganoor and Quilon rivers, where mud banks have 
been so formed. Whether the impediment to the alluvial deposit being carried out to sea is 
merely owing to the action of the S, W. monsoon causing a great impetus to the waves as 
they meet the river at its exit, or whether other causes also obtain, must be questioned. In 
forming the Narrikal mud bank, a reef of rocks, the Aycotia reef, nt the mouth of the Cranga- 
noor river, appears to have prevented the S. W. monsoon from causing a divergence of the 
river’s mouth to the northward (us invarinbly takes place on the western const unless that bank 
is protected) ; this reef (Aycotia) has probably assisted in the formation of the Narrikal, or, more 
properly speaking, the Cranganoor mud banks. 

“The whole of the long islands, between the backwater and the sea, are evidently mercly 
alluvial deposits, brought down by the various rivers in their course from the Western Ghauts. 
The direction of these mud banks being the same as the long islands and the character of the soil 
being similar, demonstrates the causes of their origin to be probably identical. In short, the mud 
banks are alluvial matter, brought down by the rivers and deposited in the sca where it meets the 
force of the S, W. monsoon.? 

“Though Narrikal owing to its being the nearest place to Cochin is mentioned, the density 
of the water is greater proceeding towards the Cranganoor river. It becomes very thick and 
black, and large pieces of flat hard mud begin to be perecived lying on the shore, about one mile 


1 «In a MSS. account of Malabar, by Hernan Lopez de Castaneda, in 1525, it is said 
that fittle more than 2,300 years ago the sea came up to the Western Ghauts.”—(Note by Dr. 
Day.) 
2 « During the 8. W. monsoon, the sea for several miles beyond the entrance of the larger 
rivers is no longer salt.”-—(Note by Dr. Day.) 
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north of Narrikal, having been thrown up by the sea. Passing on towards Cranganoor, a large 
bank of the same substance exists, evidently brought down by the river, and this is one source 


from which the mud bny receives a fresh supply.” 
* * * * * * ad * * @ “No gases arise from tlie water, nor 


oily substance (as has been suggested) floats upon it. It is simply the action of the sea which 
prevents the subsidence of the mud, for as soon as placed in a still vessel it sinks. The shore is 
sandy, but amongst the sand alluvial deposit exists. The smoothness of the sea is well described 
by Stavorinus.” 

* . * * * “The mud has an unctuous sticky feeling, and is not gritty unless 
mixed with sand, It is of a very dark greenish colour, has but a slight odour and subsides in 
water.—Cochin, 5th September 1861.” 

I have already referred to the organisms described in Captain Mitchell's 
paper, but he thus writes of the banks and the mud :— 

‘* Captain Castor reports the existence of an extensive mud flat, which, commencing about half 
a mile south of the village of Narrikal, extends to the north for about four miles, Within this 
space, in the height of the S.W. Monsoon, he found the sea without a ripple! But the 
greatest stillness of the sea and the total absence of surf from the beach prevailed between a 
village named Narawbolum and Narrikal, a distance of about one and a half miles ;—at this point 
Captain Castor was always able to embark from the bench in a small canoe. 

“The mud appeared to be exceedingly soft and permitted a 7-Ib. lead to penetrate it to the 
depth of three feet in some parts where there was a superstratum of from six to ten feet of 
water. Beyond the depth of sixteen feet the bottom attains greater consistence aud appears 
good holding ground. Three miles and a half from the shore the depth was five and a half 
fathoms and gradually shoaled towards the shore. We are left to corclude that the bank extends 
to that distance from the shore, but this is not distinctly stated in the published account. 

“The small quantity sent to me was damp, and appeared very firm nnd tenacious; it had, 
however, been somewhat compressed by the waterproof wrapper in which it was packed. To 
ascertain if it contained any minute shells a portion wus placed in water, but it did not break up 
readily, and as I wished to avoid any violence that would destroy such delicate structures, I 
allowed it to soak for twenty-four hours. On shaking it up at the expiration of that time I 
found that at least half of it could not be separated inthat way. I therefore pressed it gently 
with a glass rod; it resisted the pressure, much in the way that a stiff piece of jelly would do, 
exhibiting considerable elasticity, as well as tenacity, and it is doubtless these properties that 
enuble it to break the force of the waves :—acting like an immense spring, it yields to their pres- 
sure, but in the encounter the water loses its force and becomes quiescent, while the mud gently 
expanding again is ready for a fresh encounter.” 

I will now conclude this descriptive portion of my paper with a short geo- 
graphical sketch of the country exhibiting these phenomena,—that is, from the 
Cranganore river southwards to Quilon. This range of coast is about 92 miles 
long: it is tolerably straight—without an indentation giving at all the form of a 
bay-——except at the extreme ends, where, at Cranganore, there is the long southerly 
trending spit of the northern side of the river’s mouth, by all accounts, for I have 
not visited it, a reef perhaps of laterite or lateritoid rock ; and again at Quilon, 
where a sort of bay is formed by another great reef of laterite or lateritoid rock 
belonging to the Cuddalore Sandstones of the Survey classification, or the 
Warkilli beds of local geology. Much less is there any indication of a bay near 
Alleppy. The fact is, notwithstanding the argument of Dr. Day in the extracts 
given above, the term “‘ Mud Bay,” which has been applied to both places, may 
perhaps have been adopted for an imaginary bay of smooth water enclosed within 
the semi-circle of breakers outside. There is no doubt that a portion of the 
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land near the Cochin end of the Narrakal bank was submerged, the charch which 
stood on it having been known to men now living; but there is, I believe, no 
knowledge of this land having had the form of a projection like the southern 
arm of a bay. Be this as it may, the present shore line is a straight one from 
the Cranganore spit to the Quilon or Tungumshery reefs; and it is low-lying or 
only a few feet above the level of the sea, and made up of alluvial deposits and 
sand. Inland from it, the same low-lying deposits, broken by backwaters, 
extend eastwards for several miles forming the lowest portion of the low country 
proper of Travancore and Cochin. Then the ground rises, somctimes suddenly, 
to a low terrace, now much cut up and broken by denudation, which forms the 
rest of the low country below the clevated mountain land or backbono of this part 
of Southern India. The low country—that is, alluvial flats and inner low terrace 
—seldom attains a greater width than 30 miles, 

The long stretch of alluvial deposits bordering the sea is broken by several 
backwaters or lagoons, the largest of which is that extending northwards from 
the parallel of Alleppy to, and communicating with, the backwater of Cochin. 
The Alleppy backwater is very wide at its southern end, 8 or 9 miles, but 
it is not directly behind Alleppy, much less behind the Alleppy-Poracaud 
mud bank; though the principal rivers entering it flow northwards behind tho 
range of this mud bank. There is no visible communication between the Alleppy 
backwater and the sea; there being no river mouth of the least importance all 
along this coast, except at the Cochin backwater, and at Cranganore. The rivers 
of the country behind Alleppy merely flow into the Alleppy backwater, and, for 
all that can be seen to the contrary, its waters flow out at the Cochin mouth, 

To all appearance, the flat lands of the coast are entirely recent alluvial 
deposits ; consisting of layers of sand and mud overgrown with vegetation, and 
no doubt held together by the roots of this vegetation. The water of the lagoons 
is more or less brackish and unfit for drinking; but shallow wells sunk in the 
narrow coast tracts between lagoon and sea give fresh water. It is not, however, 
certain—although it is most probable—that other deposits, besides the merely 
recent alluvial ones, exist along this coast; for at the Quilon end there is every 
reason to expect that the Cuddalore sandstones (laterite) are underlaid by a peculiar 
set of clays and muds with seams of lignite and other vegetable matter, like those 
exhibited further down the coast at the base of the Warkilli cliffs.! Itis true that 
the dip of the Warkilli clays and lignite is to the northward, and that they must, or 
ought—provided no disturbance has taken place—to lie deep under the Tungum- 
shery laterite ; but this dip is very low, and a rise of these strata again further to 
the north would not be unusual. Certainly the lumps of blue clay, described by 
Mr. Crawford as being turned up in the “cones” of mud or water off Alleppy, 
answer to the lumps of clay which have fallen down from the lower part of the 
Warkilli cliffs: and the lumps of hard mud mentioned by Dr. Day as occurring 
at Narrakal, which I have also seen myself, have a similar constitution and 
looked to me as though they had been broken off from outcrops in the Narrikal 
sea bed. Mr. Crawford also mentions his having passed through a “crust of 


1 See Rec. G. S. 1, Vol. XV, pt. 2, p. 93. 
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chocolate-colored sandstone, or a conglomerate mixture of that and lignite ;”’ 
which strata answer very well to certain rocks at Warkilli. 

The proper alluvial flats do not extend further east from the shore line than 
14 or 15 miles; and the further inland alluvial flats of the rivers, which are very 
distinct and wide, do not extend further east than 20 or 22 miles: thus the abso- 
lute head of water which could be obtained in subterranean water-bearing strata 
would never be very high. Indeed, for all practical purposes, in this connection, 
the head of water looked for in the surmises of previous observers, can only 
be that attained by the flooding of the backwaters. 

The term ‘volcanic ’’ has been used occasionally by previous observers, per- 
haps rather as a descriptive term than as referring to ary volcanic action ; but the 
elevation or depression of the land is fully recognized as having taken place 
within comparatively recent periods. It is, however, a question whether there 
may not be an intimate connection between some of these earth movements and a 
line of volcanic action which, though now latent, is appatently indicated by the lie 
of the Maldive and Laccadive groups of coral islands, and yet further north the 
‘ Ancrias” and “‘ Direction’? banks. At the same time, I do not wish to press 
this, possibly to some readers far-fetched, volcanic element into the discussion, 
except in so far as that it may not be lost sight of in future observations. Be- 
sides, as will be seen, I do not think the observations made up to this time, or 
the theories offered in explanation of them meet all the features exhibited by 
these Travancore mud banks. 

On a close review of the information given in the various papers above quoted, 
it is clear that both banks have practically the same constitution, behave similarly, 
and have the same accompaniments, with the exception of the violent discharges of 
mud or oil, which, so far as our knowledge goes, are confined to the Alleppy- 
Poracaud. bank. 

In considering first the mud itself of these banks, it is to be remarked that it 
is full of organic matter, and that it contains a sensible amount of oil, some of 
which may have been derived from the decomposition of organisms. In all seasons 
it is easily stirred up, and it never settles down into a uniformly compact deposit, 
but has an upper stratum in a greater state of liquidity than its lower depths. 
It occupies particular areas within well-defined ranges of movement; it certainly 
moves from north to south within these ranges, but there is no surety that it 
moves back again. This movement continues over periods of years. 

Now with regard to the progress southwards ceasing at certain points, as at the 
northern edge of the Cochin river mouth and at Poracaud. A satisfactory explan- 
ation can, I think, be given for Narrakal, in the Cochin river, which always 
flows out at a great rate, carrying the mud out to sea. We have no such mode of 
transport evident at Poracaud. The southerly movement must be attributed to 
littoral currents acting over long periods on tenacious muds, which may really 
only be evolved in large quantities at intermittent periods. Mr. Rohde’s sugges- 
tion that the mud bank of Alleppy does not travel northwards again, but becomes 
dissipated at the southern extremity of its range, is very plausible. 

Regarding the water over the mnd: itis only known to calm down during 
the south-west monsoon. There is no observation showing how it may be affected 
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in stormy weather at other seasons. Still, I was led to understand, when in per- 
sonal communication with Mr. Crawford! in 1881, that the calming of the 
anchorages does not take place until after the monsoon has commenced, and 
there has been @ stirring up of the sea and mud. The quicting of the waters is 
intensified according to the amount of rainfall during the monsoon; but oven 
if no rain fall, there is a certain amount of quiescence. The calmnoss continues 
throughout the monsoon, apparently without any fresh stirring up of the mud. 
In one locality at least, the water is subject at times to violent agitation through 
the bursting up of gigantic bubbles of water, mud, or gas,—it is not quite clear 
which; and these features also appear to bo intensified during heavy rainy wea- 
ther in the monsoon periods. Tho water over tho banks becomes considerably 
freshened, even to the extent—as I was told by Mr. Crawford—of being drink- 
able; also according as the monsoon rains are light or heavy. At such timos, 
also, the water gives off fetid odours, and the fish inhabiting itare killed off in 
large numbers ; but whether owing to the freshoning of the sen-water, or the eahi- 
bition of poisonous matter and vapour in tho water, is not clear: perhaps this 
destruction of life may be due to both causes. 

The old idea of the mud bank acting as an elastic barrier against which the 
wild seas sank into such marvellous quictude must be given up in part at least, 
now that we have got the more reasonable soother of troubled waters in the oily 
constitution of the mud. There is, of course, the difficulty of citing, or indeed the 
absolute want of, authoritative observation of the action of oil on troubled waters ; 
but tradition and anecdote are undoubtedly in favour of it, while there are the news- 
paper accounts of the experiment which was tried a year or 50 ago in the harbour 
of Peterhead, when a stream of oil was cast upon the heavy seas at the harbour’, 
mouth with such success, that vessels were enabled to run in with comparative 
ease. Even, while writing the present paper, I have had an opportunity of trying a 
very simple experiment ou one of the Calcutta tanks, while a slight breeze rippled 
its surface. On throwing in about a wine-glassful of petroleum or earth-oil on the 
lee side of ‘the tank, the oil spread out rapidly over the water against the breeze ; 
the effect was instantaneous and decided, the sharp ripples being quieted down to 
longer smooth undulations, while there was a distinct semi-circular edge of the 
oiled water beyond which the ripples kept up their sharper action. In another 
place, on the side of the tank past which the breeze was blowing, a handful of the 
oil was thrown out on the waters. The oil immediately spread itself over the 
water in a thin film, along the outer edge of which the freshening breeze occa. 
sionally combed the wavelets, and within the area of the film the ripples were 
smoothed down to quiet and long undulations. The effcct soon passed off, how- 
ever, while the film of oil soon lost its sharpness of outline ; so that it is evident 
if any continued quietness is to be kept up in water with oil, the supply of it 
must be continuous. 

In the case of the mud banks, it can easily be conceived how the stirring up 
of the mud in the beginning of the mcnsoon should produce temporary calmness; 


? Mr. Crawford is now living in retirement on the Parmerd hills of Travancore, and it was 
here I had the pleasure of talking with him about the Alleppy coast, which he knows so intimately 
for more than thirty years, 
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but there is considerable difficulty in accounting for the long continuance of 
quiescence without any fresh stirring up. There is certainly the fact{that the 
upper stratum of mud contiuues in an extreme state of liquidity or attenuation 
in the water, and that thus a sort of restlessness and freeing of oil particles may 
be going on fora long period; but I think we must look to a further supply from 
hidden sources, which are indicated by the more violent burstings forth of water, 
or mud, or oil, in the form of “ cones.” 

An observation which would have been of the greatest use in this enquiry is 
wanting, however, and that is as to the condition of the surface of the water at 
such times, or, in other words, whether a film of oil exists on it. 

The amount of oil derivable from the decomposition of the animal and vege- 
table matter of the organisms in the mud would be, I am inclined to think, hardly 
sufficient to account for the features exhibited ; hence it is necessary to look to 
other sources for the oil; and even to a source for the continued supply of the 
mud itself, which is evidently carried away and distributed by littoral currents. 

The consensus of observation and opinion certainly leads to the conclusion that 
tllere isan underground discharge of water at any rate into the sea from the lagoon 
und river system behind the Alleppy-Poracaud coast during flood time, the inland 
waters being at a higher level than the sea. The accounts of such a condition of 
affairs at the Narrakal bank are, however, not so clear; besides there is the free 
opening at the Cochin river mouth. Still, underground discharges of lesser 
intensity may take place ; while the lesser pressure likely to be brought to bear on 
this part of the seaboard may also account for the absence of violent exhibitions 
like those off Alleppy. This passage of underground waters, as suggested by 
Mr. Crawford, must then, more particularly during heavy rains, force out large 
quantitics of the mud on which the Alleppy-Poracaud land rests,—as it were like 
a floating bog, clastic and capable of yielding to pressure, or exerting pressure by 
its own weight; while a continuous stream, even though very small, of the same 
oil and mud, may be kept up under the lower pressure of ordinary backwater 
level. Not only would the underlying sludge and its products be foreed out, but 
it is conceivable that the mud from the backwater should find its way into the 
same vents, and for a time replace that carried off in the first instance, oil and 
gases being absorbed in it during that time of replacement. 

Excessive floods in the monsoon time only occur at long intervals; and the 
greater discharges of mud, oil, and gases would then take place; in fact just as 
they really do at irregular intervals. At such times new banks might be formed ; 
for, during the quieter intermediate season the old ones might be distributed down 
the ooast by littoral currents, and become finally dissipated into the open sea. 

Be this as it may, if Mr, Crawford is right, then the source of the mud is 
evident, and its expulsion from beneath the Alleppy land is explained at once by 
the hydraulic pressure inland, if it even be only through a head of 6 feet at 
abnormal periods of flood time. 

Speculation of this kind must, however, be kept in abeyance, until further 
evidence is obtainable as to the character of the sludgy stuff under Alleppy, and 
of the muds in the backwater, particularly over the deep holes referred to by 
Mr. Crawford, as also of the mud in the sea outside the banks themselves. A deep 
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boring at Alleppy itself would clear up much obscurity, and it might tell moro of 
the supposed Warkilli beds. 

The presence of petroleum has in any case to be accounted for ; and, up to this 
time, there is no observation showing that it occurs in any of the lagoon deposits 
per se. Thereis at the same time an indication of the possibility of other deposits 
besides the alluvial ones, in the fact that large lumps of clay or compacter mud, 
and vegetable remains in a more or less decayed form, are brought to the surface 
during the prevalence of the violent ebullitions. Mr. Crawford, it must not bo 
forgotten, also mentions his having met with a chocolate-colored sandstone or a 
conglomerate mixture of that and lignite. Such clays do occur in the Warkilli 
deposits, and they are associated with lignite beds, in which occur trunks and 
roots of trees in every stage of decay; some completely carbonized, and others so 
fresh that they can be cut up and used for making furniture. It may then he that 
these Warkilli deposits extend northwards under the Alleppy-Poracaud alluvium, 
and even again at Narrakal, where also fragments of similar clays are thrown up 
by the sea; and that it is from these deposits as being deeper-seated, older, and 
lignitiferous that the earth-oilis generated. I am even inclined to look further 
for an agent in the generation of this oil, like that adduced by Mr. Mallet in 
his paper on ‘‘ The mud volcanoes of Ramri and Cheduba,'” where he suggests 
the possibility of oil and gas being generated in lignitiferous strata under the 
influence of moderate heat arising from a line of volcanic energy; such a linc, 
as I have suggested, possibly lying parallel to the west coast of India. 

However, for the present it is best to keep within the sphere of more evident 
causes shown by the observations which have been made. Thus, the conclusion 
scems inevitable, that the banks, their smoothening influence, and their position 
within certain ranges of the coast, may be entirely due to the following caluses : 
First ; the discharge of mud from under the lands of Alleppy-Poracaud and 
Narrakal, this being effected by the percolation or undorgrourd passage of lagoon 
water into the sea. Second; the presence in this mud of oily matter, derived 
perhaps in part from the decomposition of organisms, but principally from the 
distillation of oil in subjacent lignitiferous deposits belonging presumably to 
Warkilli strata. Third; the action of littoral currents which, slowly and through 
long periods of years, carry the mud down the coast to certain points whence it is 
dissipated seawards,—by the Quilon river at Narrakal, and at Poracaud because 
it is there beyond the range of replacement, 


Rough notes on Billa Surgam and other caves in the Kurnool District, by 
R. Bruce Foors, F.G.8., Deputy Superintendent, Geological Survey of India. 


The following notes embody the results attained up to the present by the 
examination and partial exploration of Billa Surgam and several other caves in 
Kurnool district. This work was undertaken at the instance of His Excellency 
the Right Honourable M. E. Grant Duff, Governor of Madras, who had heen 


4 Records, G. S. J., XI, pt. 2, p. 100. 


28 Records of the Geological Survey of India. [vo.. XVII. 


requested by Professor Huxley to procure the further exploration of “ Billa 
Surgam,” a place where the late Captain Newbold, F.R.S., had discovered 
some ossiferous caves. The caves had been practically lost sight of for many 
years, and their locality was quite unknown +o the district officials, both 
European and native, and to many of the natives even m the near neigh- 
bourhood. Captain Newbold’s very brief paper on these caves, published in 
the Journal of the Asiatic Society of Bengal in 1844,! was unknown to my 
colleague, Mr. King, when he surveyed that region, and remained unknown to 
him (and myself) till after the completion of the work in Kurnool district. 

My visit to the neighbourhood of Banaganpalli, which is the nearest place 
of any importance to the caves, resulted in the re-discovery of Billa Surgam 
and the fresh discovery of several other caves, one of which is of large size 
and of great interest geologically, as being a very typical example of the solvent 
and eroding action of water in limestone on a large scale. 


Billa Surgam. 


Billa Surgam lies on the south side of a narrow valley opening on the east 
side of the Yerra Konda or Red Hills, the range of low hills and plateaus 
forming the western side of the Kurnool basin. Its position is a mile north- 
north-east of that assigned to it by Newbold, and it lies 3 miles east-south- 
cast of Betumcherru (Baitumcherloo) in the south-eastern corner of Nandyal 
talug. It may be described as consisting of three deep but very short “cafions” 
joined by natural arches. The various caves open into the cafions at different 
levels. The cafions themselves were once caves of large size, the roofs of which 
have fallen in, in great part. The ground plan of the place may, for sake of 
illustration, be compared to a rather distorted figure of 3, the two principal 
caves being situate on the right side of the upper and lower parts of the figure. 
The floor of these two caves is considerably above the level of the bed of the stream, 
which in wet weather flows through the cafions, These two caves are the only 


The two Bone Caves, 268 _ answering to Newbold’s description; both, and 

especially the larger one, are well furnished with stalac- 
tites, and in the latter it is probable that a large quantity of stalagmite will be 
found under the present floor. In both cases this is formed of a loose blackish- 
grey soil, largely made up of the dropping of birds, bats, and other animals. 
The walls of the larger (southern) caves were unfortunately in the occupation 
of a large colony of wild cliff bees; no fewer than 18 nests, several of immense 
size, hung within the cave and immediately above the place where excavation 
should have commenced. The presence of such an element of danger * prevented 


* Note on the Osseous Breccia and Deposit in the caves of Billa Surgam, lat. 15° 28’, long. 
78° 15’, Southern India, Hy Captain Newbold. 

3 These chff bees (4 pts dorsala 7) are of very unreliable temper, and the natives are much 
afraid ofthem. Though often inoffensive, they are sometimes roused and sally forth and attack 
with great fury any human being or animal they may come across. When working at the Yerra 
Zari Gabbi (cave), where there was a very large colony of bees, they got excited several times 
and swarmed down furiously into the mouth of the cave ; luckily their great noise gave us 
warning and we could escape into the dark pyssages, whither they would not follow. At 
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me from commeucing there at once, and I began with the smaller northern cave 
inside which there were no bees’ nests. 

This northern cave is 70 to 80 feet high and 32 feet wide at its mouth, and 
decreases in height to 4 feet,! 86 feot from the mouth. Its 
extreme end is formed by a small passage, too narrow and 
too low to be followed up by an adult. Through this passage and a number of 
small clefts in the sides the mass of red cave earth filling the bottom of the cavo 
was doubtless washed in. The cave carth as far as excavated showed few pebbles 
washed in from above, but masses of limestone, often of large size, have fallen 
from the roof in such numbers as to add very greatly to the labour of excavation 
in some parts. 

The floor of the cave when I first entered it consisted of a loose blackish-grey 
soil, largely composed of the droppings of blue pigeons and small animals living 
in the cave. This layer was thickest at the upper or east end of the cave, and 
thinned out with the slope of the ground westward. Its greatest thickness was 
about 4 feet, and it contained a few traces of human beings having inhabited the 
cave; among them were two small chank shells (Turbinella or Mazza) with the 
apices of their whorls broken off. These had doubtless been tho property of a 
Gossain or some other religious mendicant. <A few bits of broken pottery and one 
or two bits of charred wood were also found in this surfaco layer. In several 
parts of the cave the black soil was found to be full of bones of small animals, 
birds, lizards, frogs, and of exuvie of insects and myriapoda which appeared to 
be derived from the castings of predacious birds, I made a full collection of 
these for purposes of comparison with the numerous bones of small animals, 
which, according to Newbold’s account, abounded in the red cave earth below.” 
These bones from the upper layer were in no way fossilized,—indeed many of 
them were quite fresh. 

On removing the surface Jayer a bed of loose loamy red soil was exposed, 
which had at many points been manifestly disturbed, but to no great depth. 
Resting on this disturbed surface close to the north wall of the cave at a spot 
21 feet westward from the mouth of the small passage which forms the east end 
of the cave, was a small number of human bones not mineralized but deprived of 


their animal matter. Among the bones, which were all much broken, are frag- 
ments of a skull, teeth, ribs, &c, 


The northern cave, 


Billa-Surgam, however, there were no dark passages into which to retreat. After some time I 
succeeded in getting the nests removed by honey-gatherers, but, despite that, many of the swarms 
showed no inclination to migrate eleewhere, and remained when I left, fully ten days after the 
destruction of their combs. Those that left seem to have joincd the Yerra Zari Gabbi colony. I 
had had 26 large nests destroyed there in hope of getting rid of the inhabitants, Many left but 
returned again, and about a month later I found the colony had increased to 40 nests. It is 
impossible to smoke them out on such high cliffs,and the only way to get rid of them will be to 
blow them up with powder. 7 

? The heights given above were those taken before the removal of the cave earth was commenced. 

* The day after I commenced excavating at Billa Surgam, a number of people from the ad- 
yacent hamlet of Kotal came over to look at my proceedings, and one of them, a very old man, 
‘volunteered the information that he remembered Newbold’s visit, and that his excavation was 


made just a little to the west of mine, He added that Newbold remained about three weeks at 
Billa Surgam. 
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From the very small number of bones found here, it is more probable that 
they werc introduced to the cave by some beast of prey than that they were relics 
of a burial. That these caves afford occasional shelter to wild animals at the 
present day, is shown by the fact that most of the narrow passages have been built 
up by the villagers to prevent the beasts from remaining permanently. I found 
no traces at Billa Surgam of the continued residence of either leopards or 
hyenas, the most common of the larger carnivora in these parts, though there 
was no reason, judging from the quiet mode in which the cave earth had been 
accumulated, why the Album Grecum formed by those animals should not have 
been preserved, as well as the many minute bones which occur scattered through 
the cave carth. 

A little below the surface the cave earth was found to become generally 

clayey, and in parts a very stiff clay. Redis the prevail- 
Character of the cave ing colour; and the fallen masses of limestone of all sizes, 
earth. adverted to above, are found distributed throughout and 
give the whole a distinctly bedded appearance. No stalagmitic flooring was 
met with as far as my excavation extended, which was toa depth of 15 feet ; 
but several bones were found in the disturbed upper part of the cave which 
appear to have been derived from a stalagmitic breccia. I thought at the 
time these might possibly have been specimens lost accidentally during the pro- 
gress of Newbold’s excavation, but I did not meet with any other indications of 
exploration. It is, however, quite possible that his excavation was made on the 
north side of the cave and will be found when further exploration extends thi- 
ther. My excavation was directed towards taking out systematically the whole 
mass of cave earth of the southern half down to the rocky floor; and it was 
carricd ont down to a depth of 14 feet. I began with the south side as getting 
the most day-light and boing therefore the most advantageous for observing the 
section. 

I am puzzled to know what Newbold meant by a “ gypseous rock,”’ unless he 
referred to some kind not met with in the northern cave. 

All the bones that were disinterred during my excavations belong, so far as it 
was possible to judge from cursory inspection, to living species, but seeing of what 
great antiquity the caves must be if estimated by the vast amount of denudation 
the country generally has undergone since their formation, there is no primé facie 
reason for doubting the existence of remains of greater geological antiquity in 
the lower parts of the cave deposit. j 

From the situation of the Billa Surgam caves with regard to the hills adjoining 
and to the stream flowing through the series of cafions, I 
consider the prospect of really valuable finds very good, and 
would strongly urge a continuation of the exploration in an 
exhaustive manner. The brightness and comparative dryness of the caves must 
have made them very suitable retreats for savage men as well as for cave- 
loving animals; while the peculiar character of the material washed in has clearly 
been very favourable to the preservation of bones. The smaller caves are equally 
promising with large ones, and there are several rock shelters in other limestone’ 
scarps, and especially in one north of the hamlet of Kotal, which should be 


Prospects of further 
results. 
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explored. It is by no means unreasonable to hope that remains of paleolithic 
man might occur in them, for I picked up an oval quartzite implement on the 
talus on the north side of the valley lying between the Billa Surgam ridge and 
that north of Gorlagootta. 

The Yerra Zarit Gabbr. 


This large and important cave which I had the good fortune to discover opens 
at foot of a great limestone cliff on the eastern slope of the Yegunta Konda, a 
small plateau 6 miles north-north-west of Banaganpalli. It takes its name from 
the great red cliff the “Yerra Zari” in which it is situated and which forms a 
conspicuous feature on the flank of the plateau, but the mouth of the cave which 
opens into a very wild and rugged ravine is so hidden by trees that it cannot bo 
seen till one approaches within a few dozen feet. It is quite invisible from tho 
open country below. This cave also was unknown to the people at Banaganpalli, 
though it lies within the Banaganpalli territory. The cave was formed by the 
action of a stream rising on the plateau of Paneum quartzite which caps the 
limestone. The stream was formerly of considerably greater length and volume 
than at present, and furmed a complicated series of chambers and passages 
which I propose to describe fully with plans and sections in another paper. The 
floor of the cave is level for a distance of 160 feet, when it divides into two, and 
the main one begins to rise for a distance of 130 feet till it reaches a kind of 
platform under a lofty roof which opens into a vertical pot-hole 162 feet in 
height. Under the pot-hole the main passage bends nearly at a right angle to tho 
west and continues rising greatly for more than 130 feet in distance, when it is 
blocked by debris. A great talus of angular limestone masses fills this passage 
and much of the slope below the platform. About the middle of the lower slope 
the water falling down the pot-hole has formed a considerable mass of stalagmitic 
breccia. The great side chamber has had its upper end breached and huge rolled 
masses of quartzite have fallen mto it from above. The main stream scems 
to have flowed through this passage for a considerable period, judging by the 
rounding and polishing which the great quartzite blocks have undergone. Water 
still flows through in considerable quantity after heavy rain, but the main stream 
from the plateau now avoids the cave and flows through the wild ravine to 
the eastward. An immense amount of debris has been brought into the cave by 
the streams that have flowed through it. I made three deep sinkings in different 
parts, one (No. 4)' a little distance within the mouth of the cave which reached the 
rocky bottom at a depth of 27 feet, another (No. 1) im a large side gallery west- 
ward of the mouth which failed to reach the bottom at 33 feet, and a third 
(No. 3) in a higher-lying side gallery which reached the bottom at 26 feet. In 
the side galleries the surface layer is rather loose black soil with much organic 
matter, chiefly bat droppings, in it. This showed traces of human tenancy of 
the cave at several levels. At No. 3 sinking a quantity of antique pottery was 
unearthed, some of it of excellent quality, but with the exception of one little 
drinking cup of glazed black ware* all was broken. It attracted a good deal of 

2 The numbers in brackets refer to the order in which the sinkings were made. 


® Of one large chatty I succeeded in finding nearly every piece, so that it can be built up by care- 
fal cementing. It shows a very striking style of ornamentation, very different to anything modern. 
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attention from the natives, who were much struck by its great difference from the 
pottery now made in that quarter. This pottery was found at a depth of 23 feet. 
At a depth of 11 to 12 fect in the same place were traces of a fireplace, and close 
by lay tho drumstick of a common fowl. 

At sinking No. 1, broken pottery occurred at a similar depth. The pottery 
was of the same character as that obtained at No. 3. At the depth of 11 to 12 feet 
was an old fireplace with many small fragments of charcoal. Some cowdung ash- 
balls such as uscd in dgdans and several lumps of rather decomposed shale showing 
strong traces of fire. With the above were various fragments of very coarse pottery. 

The loose black surface layer was not found in the main cave at No, 4, There 
the surface layer consisted of 23 feet of limestone rubble, under which came the 
cave earth, which was a brown muddy loam passing into stiff clay of brown or 
reddish-brown colour, generally full of fragments of decomposing calcareous shale ; 
angular or water-worn fragments of limestone, some washed in, others fallen 
from the roof, occur at intervals near the surface, but were often numerous at 
greater depths, At a depth of 32 feet in the cave earth was a fragment of 
some marrow bone (apparently ruminant) which showed marks of teeth. Small 
splinters of bones of good size were not uncommon in the upper part of the 
cave carth, but all were undeterminable. Ata depth of between 12 and 13 feet 
was @ minute but perfectly unmistakable piece of antique bright red pottery, 
probably the oldest trace of man met with in the cave. 

Of three other excavations made in this cave only one was of real importance ; 
of the other two, one was stopped by meeting the bottom of the gallery at a 
depth of little more than 3 feet, and the other was not brought to a final 
conclusion. In sinking No. 5, a little below the middle of the high incline 
loading from the main body of the cave up to the pot-hole, about 12 feet of hard 
brown or drab stalagmitic breccia were quarried through in a good-sized pit, and 
a soft bed of drab-coloured breccia reached; but in neither was even the 
minutest fragment of bone discovered. It should not be concluded that these 
sinkings are a sufficient test of the contents of this great cave; for though from 
its darkness and dampness in wet weather it would not be fitted fora dwelling 
piace, it would from its out-of-the-way position form an excellent hiding place. 
It is more than probable that the pottery found in the different passages had 
been left there by refugees who had occupied the cave temporarily. The only 
approximation to a legend in connection with the cave that I succeeded in extract- 
ing from the people was a story that it had once served as a place of refuge to the 
inhabitants of a fort that formerly stood on the edge of the plateau above 
Yegunta temple, after the fort had been captured during a war. 

Both at the Yerra Zari Gabbi and Billa Surgam the walls of the passages 
are delicately fretted by the action of water trickling down their surface, and the 
beautiful sections of the limestone thus prepared afford a very strong proof of 
its unfossiliferous character. If organisms even of very delicate nature existed 
in it, some few would most assuredly have been worked out by the action of the 
flowing water which has that effect in so many other places. I examined the 


cave walls, as far as they were within reach, yery carefully, and saw not the 
faintest indication of any fossil. 
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Yegunta and other Caves. 


A considerable number of other caves of smaller size exist in this limestone 
district, several of which are unquestionably worth further exploration. There 
are three caves at the Yegunta pagoda in the ravine immediately north of the 
Yerra Zari Gabbi. Two of these are enlarged rifts along lines of jointing in the 
limestone ; their walls show bunches and fringes of stalactites here and there, but 
their floors are concealed by flagging and steps built by devotees who have erected 
shrines there. Exploration of these caves is of course out of the question at 
present. The third cave is a shallow one which is choked at its back with a 
considerable mass of reddish stalagmite-breccia, The very clear and well-dis- 
played face of this mass of breccia shows thousands of included fragments of shaly 
limestone ; but after careful examination I could not detect a single trace of bone. 

In the group of limestone cliffs south of the Yerra Zari Gabbi aro soveral rifts 
with stalactites, but too small even if they are ossiferous to contain any large quan- 
tity of fossil remains under the piles of angular debris now forming the visible floor. 

At the south end of the cliffs what secms to be the top of the arched mouth of 
a considerable cave shows just above a great talus of limestone blocks, the result of a 
fall from the cliff. The presence of a permanent flowing spring emerging from the 
talus a little distance renders the existence of a cave in tho hill above it vory 
probable. 

In the group of high limestone cliffs on the south side of the second ravine 
north of the south-east corner of the Yegunta plateau is a large and deep recess 
with one or more small caves opening near the top of the cliff. These I was 
unable to reach for want of a long ladder and because of a large colony of bees 
that would not be dislodged. From the promising look of the place I think it 
deserves a very careful examination. 

Fifteen miles to the south-west-by-south of Banaganpalli there is a cave which 
was described to me by an intelligent native as of some 
size and interesting as forming the source of a fair-sized 
perennial stream. This cave is near the village of Billam (Bollum of shcet 76). 

To return to the neighbourhood of Billa Surgam. On the south side of the 
great cave ridge and about half a mile due south of it is 
a small one exposed by a slip of the hill side. The cave 
is entered by a very steep climb down a rift to a depth of about 30 feet. At the 
bottom the true floor is hidden by debris which also fills up a passage running 
westward so much that it cannot be followed even by crawling on all-fours for 
more than three or four yards; but the Gorlagootla people say it joins the Billa 
Surgam caves. The place had been recently inhabited by a leopard. Very little 
stalactitic matter was seen encrusting the walls. This cave is not easy to find, as 
its mouth does not show till one is within three or four yards of it. It opens on 
to a small terrace 20 to 30 feet long, and occupied by two small but thick trees, 
The terrace lies about half way up the grassy slope of the ridge and faces eastward. 

I was told of two other caves of moderate size to the westward of Gorla- 
gootla, but was unable to visit either from pressure of work at Billa Surgam. 
One of them was said to occur in the valley of Gorlagootla stream, and will 
probably be found in connection with a very fine group of limestone cliffs stand- 
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Billam Cave. 


Caves near Gorlagootla. 
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ing on the north side of the stream. The other, of which the locality was 
pointed out to me, is situate in a picturesque ravine which one passes on the left- 
hand side when crossing the small ghat which leads from Gorlagootla to Betum- 
cherru. 

Lastly, I heard of a cave near Buganpilly, 3 miles north-east of Betum- 
cherrn, but could gather no reliable information about it. 

From the rather barren character of the soil formed by decomposition of the 
quartzites and limestones of this region, it is pretty certain that even the virgin 
forest which once covered the Yerra Konda was by no means impenetrable, and 
this renders it the more probable that its glades and recesses were familiar to 
the Paleolithic stone folk, very numerous traces of whom in the shape of quartz- 
ite implements were found by Mr. King and myself in 1865 near Roodrar only 


SU miles to the east-south-east. 


Notes on the Geology of the Chuéri and Sihunta parganahs of Chamba, by Cotonzn 
C, A. McManoy, F.G.S. 


Official duties having required me to visit Chudri and Sihunta, the opportunity 
presented itself of gaining some information regarding the geology of that part 
of Chamba; though, my leisure being necessarily limited, I was not able to 
devote as much time as I could have wished to a detailed examination of the rocks. 

As Chuiri itself has been described in my paper on “The Geology of Dal- 
honsie,”’! the following pages will deal with the section between Chudri and 
Sihunta and the neighbourhood of the latter village. 

The first fact to be noted is the disappearance of the outer band of gneissose 
granite,” which is typically developed about a mile south of Chudri. I saw no 
trace of it on the road to Sihunta, though the road crosses all the rock series from 
the silurians to the siwaliks, nor in the course of the numerous traverses I made 
to the north and north-east of Sihunta. The mica schists which, in the Dalhousie 
area, occur next the gneissose granite at the base, or somewhere towards 
the bottom of the silurian series, are typically developed in this section, but the 
gneissose granite isabsent. The dip of the slates on the Sihunta road is N.-E.11° N. 

The carbo-triassic series continues to crop out east of Chuéri, but it becomes 
greatly attenuated in this section. The bridge over the Chaki (Chuckee) below 
Raipur (Rapir) is on the hmestones of this series, but the band is apparently a 
thin one; whilst in the bed of the Chanal, under Sraog, the whole outcrop of 
this series does not attain a thickness of much more than 50 or 60 yards, 

The Dalhousie altered basalts crop out next the limestones at the bridge 
under Raipur, and thereafter the road runs with these rocks to the vicinity of 
Samdt (Samoat), where they, in their turn, disappear. I failed to obtain any 
trace of them east of this point. Samdt, and the land between it and Sihunta, is 
for the most part, well covered with post-tertiary alluvial deposits, but I searched 
carefully along the beds of streams and I am satisfied that the trap dies out 


Records XV, 34, 
2 My reasons for calling the outer band gneissose grani foes : 
next number of the Records, Granite are given in s paper to appear in the 


PaRT 1.] McMaunon: Geology of Chuari and Sihunta. Se 


between Samdt and Sihunta. A good section is obtained in the bed of the 
Chanfl under Sraog, and only about 50 or 60 yards of the carbo-triassic series 
interposes there between the siwalik sandstones and the mica schists of the lower 
silurians. 

In my paper on the Dalhousie area, I noted that the sirmur series had been 
cut out by a fault south of Chuéri, and the conglomerates of the siwalik series 
brought into contact with the trap. This feature appears to persist in the 
Chufri and Sihunta section. At Kanédra (apparently Samoat of the map)! a 
coarse breccia resting on red clay, dipping N.-N.-E. at a low angle, is in contact 
with the trap. These rocks, and those which occur further east, are of siwalik 
aspect; and I did not, in this region, see any rock along the inner horizon of the 
tertiaries that I could identify as a member of the sirmur series. 

I made an excursion up the Diarh nadi one day and found that the gneissose 
granite appeared exactly where I expected to find it north-east of Tikri (Tikiria). 
At Tikri, the rocks on both sides of the stream are silurian slates, and they 
continue up to the gneissose granite with a dip to H. 11° N. 

In the hills north-east of Sihunta a surprise awaited me. About three 
quarters of a mile, as the crow flies, from the horizon of the carbo-triassic series, 
a fine-grained gneiss, or gneissose granite, crops out to the north of Sraog at an 
elevation of 4,100 feet, and 1,000 feet above Sihunta. The rock is a perfectly 
crystalline combination of quartz, felspar, muscovite and dark mica, but exhibit- 
ing a well-marked foliation or parallelism of structure. In weathered boulders 
it is not possible to distinguish between it and the fine-grained, non-porphyritic 
variety of the Dhilar Dhar gneissose granite, Higher up the ridge, the Sraog 
rock becomes more schistose in aspect, and finally becomes superficially very 
rotten from weathering. The transition from this fine-grained rock to the 
larger-grained highly porphyritic gneissose granite of the Dhilar Dhfr isa 
sudden one. The fine-grained rock appears to be older than the porphyritic 
gneissose granite, for I observed a large boulder of the former in an affluent of the 
Chan4l close to and east of Sihunta, which contained large intrusive veins of 
the coarser-grained porphyritic rock. An examination of these veins left no 
doubt in my mind of their intrusive character. 

There seems no ground for supposing that this fine-grained foliated Sraog 
rock is an extension of the Dalhousie “outer band.” The latter occurs below 
the mica schists and a great thickness of the silurian slaty series interposes 
between it and the porphyritic gneissose granite. The Sraog rock, on the 
contrary, occurs above the mica schists and slates, and appears to be in contact 
with the porphyritic gneissose granite.* Moreover, though they are composed of 
the same minerals, there is no resemblance in their macroscopic aspect between 
hand specimens of the “ outer band” and the Sraog gneiss. 


1 The real position of Samdt is apparently where Kania is marked onthe map, Tundi bears 
N.-W. from Samot, not 8.-W. as shown on the map. I tried every conceivable mode of pro- 
nouncing Kania, buf no name at all like it was known in Samdt. 

21 climbed the ridge to an elevation of 6,200 feet, and reached a point abreast of Tikri, | 
had no time to go higher, moreover it was blowing half a gale; a snow-storm was coming on, 
and the natives with me were suffering acutely from the cold. 
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On my ascent, my way lay for some distance up a stream between Sraog and 
Pukuru. The actual contact of the gneiss and the slates was not visible there ; 
but on my descent along a spur of the mountain by another route, the passage 
from gneiss, or gneissose granite, to indurated slates was sudden. These slates are 
highly altered, and indeed assume quite a foliated aspect when in contact with 
the gneiss. A little further on, the gneiss reappeared again for some yards, and 
then slates similar in character to the first. 

The dip of the mica schists and slates between Sraog and the gneiss varied 
from N.-E. to N. ; and, taken in connection with the BE. 11° N. dip of the slates at 
Tikri, they would thus appcar to dip into the gneiss all round. The mica schists 
end slates appeared to me to be lower and middle silurians, 

Whether the Sraog rock is another case of the intrusion of gneissose granite 
or whether it is of pre-silurian age—the remains of ancient land on which the 
silurians were deposited—is a question regarding which I think it would be 
promature to offcr an opinion in the present paper. Careful field work, and 
microscopic investigation in the laboratory,! will need to go hand in hand for 
long course of years before all the details of Himalayan geology can be success- 
fully worked out. 

The spurs south-west of Tikri and north-west of Samdt are so thickly covered 
with boulders that I could only get a glimpse in one place of the slates on which 
they apparently rest, though I traversed these spurs for some miles. Indeed, so 
thickly arc these boulders scattered over the hill sides, that the suspicion crossed 
my mind that a local eruption of granite had taken place at this spot and that the 
boulders had weathered out in situ. I could find no evidence, however, to 
support this idea, for even when small landslips had removed the superficial 
vegetable deposits nothing was revealed but broken boulders beneath. 

The next idea that naturally occurred to the mind to account for these accu- 
mulations of boulders was glacial action; indeed not only here, but all round 
Sihunta and on the road between that place and Chuéri, huge blocks of granite 
are scattered about over the hill sides in a way to suggest the former existence 
of such action very strongly. Blocks are found perehed on the undulating edges 
of spurs and dotted over the sloping sides of the mountains. The alluviem of the 
valley is studded with them ; accumulations of boulders here and there assume a 
very moraine-like appearance; whilst the heads of little upland valleys, formed 
by the bifurcation of spurs, where evidently no stream of any consequence has 
ever flowed, are thickly strewn With them. 

One block, measuring 26X19 x7, I found perched on the crest of a ridge west 
of the Dairh river, on the Chuéri road, at an elevation of 4,000 feet and 1,200 feet 
above the present bed of the Dairh. Another block, measuring 29 x 25 x 18—and 
there are numbers of others of about the same sise—I found at an elevation of 
3,000 feet above the sea, resting on the surface of a rice-field on the south side of 
the valley at Sihunta. 

The antecedent improbability of a glacier at the latitude of 82° 18 extending 


2 As I have only just returned from this trip, I have net had time to examine thin slices of the 
Sraog rock under the wicroscope, 
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down as low as 2,000 feet above the sea—for the blocks go down at least as low 
as that—is very great; but it might be argued that water power could not be 
called in to explain the transport of a block containing 13,050 cubic feet of granite ; 
for a rush of water of sufficient volume and velocity to carry 13,050 cubic feet 
of granite in a single block down a slope of about 1 in 20 would have scoured out 
the whole valley and carried away every particle of the soft alluvium with it; 
whereas these blocks are not found buried in a boulder bed surrounded with shingle, 
but resting on the surface of a thick deposit of soft mud. These and other 
arguments that could be advanced to prove the former presence of local glaciers, 
seemed to me unanswerable, until I found that a gneiss, or gneissose granite, 
large weathered blocks of which are undistinguishable from similar blocks of the 
fine-grained variety cf the Dhalar Dhar granite, occurs as low down as 4,100 feet 
above the sea. Now that we know that this massive rock crops out within three 
quarters of a mile of the siwalik horizon, and less than 2 miles from Sihunta, 
the difficulty is in a great measure removed, and it does not seem necessary to 
resort to a glacial theory to explain the presence of blocks so near their place 
of origin. 


Note on the occurrence of the genus Lytronta, Waag., in the Kuling Series of 
Kashmir, by R. LypEexxer, B.A., F.G.S., F.Z.8. 


Since the publication of my memoir on the Geology of Kashmir! a new 
genus of brachiopods, from the ‘“ Productus-limestone’”* of the Salt-range and 
adjacent districts, has been described by Dr. Waagen under the name of Lyttonia. 
The genus has also been obtained in the carboniferous of China. 

On seeing the figures of the Salt-range specimens, I at once recognised fossils 
not unfrequently occurring in the Kuling series of the neighbourhood of the 
Kashmir valley, whose affinities I had long been at a loss to determine. They 
are found on weathered surfaces of the limestone rocks in several parts of the 
northern side of the valley, but more especially on the high ridges to the north- 
east of Sirinagar. The rock in which they occur is so hard that I was unable 
to chisel out specimens sufficiently perfect to carry away. 

Judging from memory, I think that the common Kashmir form is D. nobilis. 
It is a fact of much interest to find this remarkable genus adding another to the 


long list of forms common to the ‘“‘ Productus-limestono” and the Kuling series 
of Kashmir. 


ADDITIONS TO THE MUSEUM. 
A pair of quernstones made of arkose, from near Dhararah, Monghyr District. 


PRESENTED BY Mu. R. 8S. Brow. 
Four specimens of marble, from Jaipur and Ajmere. 


PurcHasEp, 
6 specimens of Bhanrer (Vindhyan) sandstone from Rupas quarries, Bhartpur. 
PurcHaszp, 


1 « Memoirs,” Vol. XX1. 
3 Pal. Ind.” Ser, XII, Vol. II, pp. 896-403 ; plts, XXIX—XXxX, 


38 Records of the Geological Survey of India. [voL. Xvit. 


ADDITIONS TO THE LIBRARY. 
From lst OctopEer TO 3lst DECEMBER 1883. 


Titles of Books. Donors. 
Acuzroxt, L.—Das Niederrheinisch—Westfalische Steinkohlengebirge, Lief. 8-9, (1883), 
4to, Leipzig. 
Ausescut, Pavt.—Das Os Intermedium Tarsi der Saéugethiere, (1883), 8vo, ph., Leipzig. 
THE AUTHOR. 
Note sur le Pelvisternum des Edentés, (1883), 8vo, ph., Bruxelles. 
THz AUTHOR. 
Sur la Valeur Morphologique de I’articulation Mandibulaire, du Carti- 
lage de Meckel et des Osselets de L’Ouie, (1883), 8vo, ph., Bruxelles. 
THe AUTHOR. 
Sur le Crane Remarquable d’une Idiote de 21 Aus., (1883), 8vo, ph., 
Bruxelles. 
THe AvTHoR. 
Sur les 4 Os Intermaxillaires le Bec-de Liévre et la Valeur Morpho- 
logique des Dents Incisives Supérieures de L’Homme, (1883), 8vo, 
ph., Bruxelles, 


t 


THE AUTHOR. 


Bzitsx, J. Woop.—Eureka; an Elucidation of Mysteries in Nature—the Problems of 
Science, (1883), 8vo, ph., Melbourne. 
THE AUTHOR. 
Bettew, H. W.—Journal of a Political Mission to Afghanistan in 1857, (1862), 8vo, 
London. 
J. SchaumbBure, Esq, 
Botton, H. C.—The Students’ Guide in Quantitative Analysis, (1882), 8vo, New York. 
Bronns.—Klassen und Ordnungen des Thier-Reichs, Band V, Gliederfiissler: Arthropoda, 
lief. 25--27, (1879), 8vo, Leipzig. 
Brown, Waites Lex.—Manual of Assaying Gold, Silver, Copper, and Lead Ores, (1883), 
8vo, Chicazo. 
Cuapman, E. J.—The Minerals and Geology of Central Canada, 2nd Edition, (1871), Svo, 
Toronto. 
Dana, E. S., and Brusu, G. J.—Appendices to the 5th Edition of Dana’s Mineralogy, 
I—ITII, (1882), 8vo, New York. 
Davis, W. M.—The Structural Value of the Trap Ridges of the Connecticut Valley, (1882), 
8vo, ph., Boston. 
Tae AvrHor, 


Dorzz, Patrick.—Prospect of Artesian Borings in the Bellary District, (1883), Svo, 
Madras. : 

Tun Avrror. 

Dumont, J. B.—Synoptical Tables’of Modern Chemistry, Vol. I, pt. 8, Salta—Metals, (1883), 
8vo, Calcutta. 
Encyclopedia Britannica, 9th Edition, Vol. XVI, (1883), 4to, Edinburgh. 
EgRINGTON DEB La Czorx, J.—Les Mines d’Etain de Pérak (Presqu'tle de Malacca), 
(1882), 8vo, Paris. 
FRaNKLAND, Percy Fanapay.—<Agricultural Chemical Analysis, (1883), 8vo, London. 
FaitscH, De. Ant.—Fauna der Gaskohle und der kalksteine der Permformation Béhmens, 
Band I, heft, 4, (1884), 4to, Prag. 
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Ttles of Books. Donors. 
Gaupry, A.—Les Enchainements du Monde Animal dans les Temps Géologiques, Fossiles 
Primaires, (1883), 8vo, Paris. 
Handbook of the Indian Gold-mining Companies, July 1881, (1881), 12mo, Madras. 
LaPpakent, A. pz.—Traité de Géologie, (1883), 8vo, Paris. 
M’Cann, HuaeH W.—Report on the Dyes and Tans of Bengal, (1883), 8vo, Calentta. 
Economic MuUsEvM. 


Meapx, Ricoarp.—The Coal and Iron Industries of the United Kingdom, (1882), 8vo, 
London. 
MoerrittetT, GaBrizL DE.—Le Préhistorique Antiquité de L’Homme, (1883), &vo, Paris. 
Pratt, Joun H.—A Treatise on Attractions, Laplace's, Functions, and the Figure of the 
Earth, 4th Edition, (1871), 8vo, London. 
Qurenstept, Fr. Aue.—Handbuch der Petrefaktenkunde, Auflage III, lief. 12, (1883), 
8vo, Tiibingen. 
- Petrefactenkunde Deutschlands, Band VII, heft 4, Gasteropoden, 
(1883), 8vo, Leipzig. 
Recivs, Exrs£e.—Novvelle Géographie Universelle la Terre et les Hommes, Vols. I—VI, 
(1876—81), 8vo, Paris. 


PERIODICALS, SERIALS, &c. 


American Journal of Science, 3rd Series, Vol. XXVI, Nos. 154-155, (1883), 8vo, New 
Haven. 
THE Epirors. 
Annalen der Physik und Chemie, Neue Folge, Band XX, heft 2-3, (1883), 8vo, Leipzig. 
Annales des Mines, Table des Matiéres de la VII" Série, Decennale 1872—1881; Série 
VIII, Tome ITI, livr. 2-3, (1882-83), 8vo, Paris. 
CoMMISSION DES MINES. 
Annals and Magazine of Natural History, 5th Series, Vol. XII, Nos. 70—72, (1883), 8yo, 
London. 
Archiv fir Naturgeschichte, Jahrg. XLVII, heft 6, and XLIX, heft 3-4, (1883), 8vo, 
Berlin. 
Athenzum, Nos. 2916—2928, (1883), 4to, London. 
Beiblatter zu den Annalen der Physik und Chemie, Band VII, Nos, 9-10, (1883), 8vo, 
Leipzig. 
Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles, 3° Période, 
Tome X, Nos. 7—9, (1883), 8vo, Genéve. 
Bibliothégue Universelle et Revue Suisse, 3"° Période, Tome XIX, Nos. 56-57, and 
XX, No. 58, (1883), 8vo, Lausanne. 
Botanisches Centralblatt, Band XV, Nos. 7—13, and XVI, Nos. 1—9, (1883), 8vo, 
Cassel. 
Chemical News, Vol. XLVILII, Nos. 1242—-1254, (1883), 4to, London. 
Colliery Guardian, Vol. XLVI, Nos. 1184 to 1192, and XLVII, Nos, 1193—1196, (1883), 
fol., London. 
Das Ausland, Jahrg. LVI, Nos. 37—49, (1883), 4to, Miinchen. 
Geological Magazine, New Series, Decade II, Vol. X, Nos. 1012, (1883), Svo, London. 
Iron, Vol. XXII, Nos. 557—569, (1883), fol., London. 
Journal de Conchyliologie, 3° Série, Tome XXIII, Nos. 1-2, (1883), 8vo, Paris. 
Journal of Science, Srd Series, Vol. V, Nos. 116—119, (1883), 8vo, London. 
Tux Epiror. 
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Donors. 
—Botanischer Jahresbericht, Jahrg. VIII, Abth. II, heft 2, (1883), 
8vo, Berlin. 
London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 5th Series, 
Vol. XVI, Nos. 100—102, (1883), 8vo, London. 
Madras Quarterly Journal of Medical Science, Nos. I—XX, (1860—66), 8vo, Madras. 
Mining Journal with Supplement, Vol. LIT, Nos. 2507—2519, (1883), fol., London. 
Naturz Novitates, Nos. 17-—23, (1883), 8vo, Berlin. 
Nature, Vol. XXVIII, Nos. 724—730, and XXIX, Nos. 7 31—736, (18838), 4to, London. 
Neues Jahrbuch fiir Mineralogie, Geologie und Palacontologie, Jabrg. 1383, Band II, heft 3, 
(1883), 8vo, Stuttgart. 
Palzontographica, Band XXTIX, lief. 5-6, (1883), 4to, Cassel. 
Paléontologie Francaise, 1° Séiie, Terrain Jurassique, Animaux Invertébrés, livr. 62-63, 
Crinoides, livr. 64, (1883), 8vo, 


Paris. 
Petermann’s Geographische Mittheilungen, Band XXIX, Nos. 9—11, (1883), 4to, Gotha. 
= ‘3 Supplement No. 73, (1888), 4to, Gotha. 
Professional Papers on Indian Engineering, 3rd Series, Vol. I, No. 3, (1883), fisc., Roorkee. 
THomason CoLLEGE oF CiviL ENGINEERING. 
Quarterly Journal of Microscopical Science, New Series, Vol. XXIII, No. 92, (1883), 8vo, 
London, 

Zeitschrift fir die Gesammten Naturwissenschaften— 

3rd Series, Vol. VI, Sept. to Dec. 1881. 

4th ,, » 1, Nos. 1—6, 1882, (1881-82), 8vo, Berlin. 


Zeitschrift fiir Naturwissenschaften, 4th Series, Vol. II, Nos. 3-4, (1883), 8vo, Halle. 


Titles of Books. 
Just, Da. LEOPOLD. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


ANDAMANS.—Statistics of the Population enumerated in the Andamans, 17th February 1881, 
(1883), fisc., Calcutta. 
REVENUE AND AGRICULTURAL DEPARTMENT, 
BgnGaL.—Eovurpition, J. A.—Report on tne Census of Bengal, 1881, Vols. I— IIT, (1883), 
fisc., Calcutta. 
REVENUE aND AGRicuLtuRaL Department, 
Bousar.—Gazetteer of the Bombay Presidency, Vol. XVI, (1883), 8vo, Bombay. 
ae , Bombay GOVERNMENT, 
‘5 ions from the Records of the Bombay Governm New Seri 
(1883), 8vo, Bombay. Sigharew rere a 
Bombay Governuene. 
CentraL Provinces.—GEant, CHARLES.—Gazetteer of the Central Provinces of India, 2nd 
Edition, (1870), 8vo. Nagpar. 
“ Cuizr Commissioner, CenTRaL PROVINCES, 
” port on the Administration of the Central Prov; : 

(1888), So, Nagpur, ntral Provinges for 1882-89, 

Carer Comrssioyzn, Cewrnat P 
’ ROVINCHES. 

. SonLicH, W.—Suggestions reganding Forest Administrstion i 

Central Provinces, (1883), fise., Calcutta, nme 


REVENUE anv Aozicunrozat Durakruent. 
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Titles of Books. Donors. 
Inpra.—Indian Meteorological Memoirs, Vol. IT, pt. 2, (1883), 4to, Calcutta. 
MrrrorotoaicaL REPorTER TO GOVERNMENT OF INDIA. 
Meteorological Observations recorded at six Stations in India in 1882, corrected 
and reduced, December 1882 to February 1883, (1883), 4to, Calcutta. 
METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA. 
Registers of Original Observations in 1883, reduced and corrected, March to May 
1883, (1883), 4to, Calcutta. 
M2TEKoROLOGICAL REPORTER TO GOVERNMENT OF INDIA. 
Report on the Administration of the Meteorological Department of the Government 
of India in 1882-83, (1883), 4to, Calcutta. 
METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA. 
List of Civil Officers holding gazetted appointments under the Government of India, 
in the Home, Legislative, and Foreign Departments, on 1st July 1883, (1883), 8vo, 
Calcutta. 


Home DEPARTMENT. 

Statistics of the British-born Subjects recorded at the Census of India, 17th 
February 1881, (1883), fisc., Calcutta. 

REVENUE AND AGRICULTURAL DEPARTMENT. 

The Indian Empire Census of 1881. Statistics of Population, Vol. II, (1883), fisc., 

Calcutta. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
Mapras.—MclIver, Lewis.—Imperial Census of 1881. Operations and Results in the 
Presidency of Madras, Vols. I—V, (1883), fisc., Madras. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
Ponsas.—Selections from the Records of the Government of the Punjab and its Dependencies, 
New Series, No. XXI, (1883), 8vo, Lahore. 
PunsaB GOVERNMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


BaLLaakat.—Annual Report of the School of Mines, Ballaarat, for 1882, (1883), Svo, 
Ballaarat. 
ScHoot oF Minus, Barraarar. 


Batavia.—Notulen van de Algemeene en Bestuurs-vergaderingen van het Bataviaasch 
Genootschap, Deel XXI, No. 2, (1883), 8vo, Batavia. 
Tae Soorzry, 


Tijdschrift voor indische Taal-Land-en Volkenknnde, Deel XXVIII, Afl. 6, & 
XXIX, Afi. 1, (1883), 8vo, Batavia. 


Tue Socirry. 


Betrast.—Report and Proceedings of the Belfast Natural History and Philosophical Society 
for Session 1882-83, (1883), 8vo, Belfast. 
Tue Socrery. 


Burzuin.—Sitzungsberichte der Kéniglich Preussischen Akademie der Wissenschaften zu 
Berlin, Nos. XXII to XX XVII, (1883), 8vo, Berlin. 
THz ACADEMY. 
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Titles of Books. Donors. 
Breiin.—Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXXYV, heft 3, (1883), 
Svo, Berlin. 


Tue SocrEty. 
Botoana.—Compte-Rendu des Séances de Ia Commission Internationale de Nomenclature 
Géologique et du Comité de la Carte Géologique de 1’ Europe tenues 4 


Zurich en Aott 1883, (1883), 8vo, ph., Bologne. 
Tre CoMMITTEE. 


BresLav.—Sechzigster Jahres-Bericht der Schlesischen Gesellschaft fiir Vaterliindische, 


Cultur, (1883), 8vo, Breslau. 
Tar Socrery. 


Brussexrs.—Annales de la Société Malacologique de Belgique, Vols. VI—X, (1871—1875), 


Svo, Bruxelles. 
Tur SociEry. 


BrvesErs.— Annuaire de L’Académie Royale des Sciences, des Lettres et des Beaux-Arts de 
Belgique, (1882-83), 8vo, Bruxelles. 
Toe AcaDEMY. 
Bulletin de la Société Royale Belge de Géographie, Année VII, Nos. 3-4, (1883), 
8vo, Bruxelles. 
Tux Socrsry. 
Bulletins de L’Académie Royale des Sciences, des Lettres et des Beaux-Arts de 
Belgique, 3°° Série, Vols. I—V, (1881 —83), 8vo, Bruxelles. 
Tur AcaDEMY. 
Mémoires Couronnés et autres Mémoires publiés par L’Académie Royale des 
Sciences, des Lettres et des Beaux-Arts de Belgique, Tome XXXEI and 
XXXITI—XXXV, (1881—83), 8vo, Bruxelles. 
Tur ACADEMY. 
‘3 Mémoires Couronnés et Mémoires des Savants Etrangers publiés par 
L’Académie Royale des Sciences, des Lettres et des Beaux-Arts de Belgique, 
Tome XLIVY—XLY, (1882-83), 4to, Bruxelles. 
THE ACADEMY. 
- Mémoires de L’Académie Royale des Sciences, des Lettres et des Beaux-Arts de 
Belgique, Tome XLITI, pt. 2, and XLIV, (1882), 4to, Bruxelles. 
THE ACADEMY. 
is Tables Générales du Recueil des Bulletins de L’Académie Royale des Sciences, 
des Lettres et des Beaux-Arts de Belgique, 2"° Série, Tomes XXI—L, 
1867—1880, (1883), 8vo, Bruxelles. 
THe AcapEny. 
Burnos A1rEs.—Anales del Museo Publico de Buenos Aires, Vol. III, pt. I, (1883), 4to, 
Buenos Aires, 
a aie de la Société Linnéenne de Normandie, 4th Series, Vol. VWI, (1882), 8vo, 
aen. 
Tux Socrery. 


Catcurta—Journal of the Asiatic Society of Bengal, New Series, Vol. LII, pt. I, No. 1, 


(1888), 8vo, Caloutta. 
Proceed Tax Sociery. 
” rocee ings of the Asiatic Societ f 
Calcutta. si y of Bengal, Nos. VII & VIII, (1888), Svo, 
Tax SoortTy. 


2 Memoirs of the Geological Survey of India, Vol. XXII, (1883), Sve, Caleutta. 
Tus Survey. 
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Titles of Books. Donors. 
Catcurta.—Records of the Geological Survey of India, Vol. XVI, pt. 4, (1883), 8vo, 
Calcutta. 
GroLoarcaL Survey or Inpra. 
- Report of the Archeological Survey of India, Vol. XVI, (1883), 8vo, Calcutta. 
Homes DEPARTMENT. 
Camusriper, Mass.—Bulletin of the Museum of Comparative Zoology, Vol. XI, Nos. 1 & 2, 
(1883), 8vo, Cambridge, Mass. 
Tar Museum or Comparative ZooLoey. 
Dison.~—-Mémoires de l’Académie des Sciences de Dijon, 3™¢ Série, Vols. II, III, and VII, 
(1874, 1876, & 1882), 8vo, Dijon. 
THE ACADEMY. 
DuBLin.—Journal of the Royal Geological Society of Ireland, New Series, Vol. VI, pt. 2, 
(1882), 8vo, Dublin. 
THE Sociery. 
Proceedings of the Royal Irish Academy— 
Series II, Vol. II, Antiquities, No, 4, 
» LI, ,, III, Science, Nos. 9 & 10. 
(1883), Svo, Dublin. 


Tuer AcADEMY., 


Transactions of the Royal Irish Academy— 
Vol. XXVII, Antiquities, No. 5, 
» XXVIII, Science, Nos. 11 to 13, 
(1882.83), 4to, Dublin. 


93 


THE ACADEMY. 
Feanxkrurt.—Abhandlungen von der Senckenbergischen Naturforschenden Gesellschaft, 
Band XIII, heft 2, (1883), 4to, Frankfurt. 
Gengva.—Mémoires de la Société de Physique et d’Histoire Naturelle, Vol. XXVIII, 
pt. 1, (1882-83), 4to, Genéve. : 
THE Society. 
GérrinaEn.—Nachrichten von der k. Gesellschaft der Wissenchaften, (1882), 8vo, Géttingen. 
THE Socrery. 
Hatix.—Abhandlungen der Naturforschenden Gesellschaft zu Halle, Band XVI, heft 1, 
(1883) 4to, Halle. 
Tue Society. 
- Bericht itiber die Sitzungen der Naturforschenden Gesellschaft zu Halle, im Jahre, 
1882, (1883) 8vo, Halle. 
Tue Society. 
K6niasBERG.—Beitriige zur Naturkunde Preussens, Nos. 1V & V, (1879 & 1882), 4to, 
KGnigsberg. 
Tue Socrrry. 
- Shriften der Physikalisch-O konomischen Gesellschaft zu Kénigsberg, Jahre. 
XXII, Abth. 1 & 2, (1882-83), 4to, Kénigsberg. 
Tue Socrery. 
Loxpon.—Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XIII, 
Nos. 1 & 2, (1883), 8vo, London. 
5 Journal of the Iron and Steel Institute, No. 1, (1883), 8vo, London. 
Tux Instirure. 
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Titles of Books. Donors. 
Lonvon.—Journal of the Linnean Society of London— 

Vol. XVI, Zoology, Nos. 95—100. 
XIX, Botany, No. 122, and XX, Nos. 123—129, (1882-83), 8vo, 


London. 


THe Socrery, 


List of the Linnean Society of London, October 1881 and 1882, (1882-83), 8vo, 
London. 
Tur Socrrry. 
Proceedings of the Linnean Society of London, November 1880 to June 1882, 
(1883), 8vo, London. 
THE Society. 
Transactions of the Linnean Society of London, 2nd Series— 
Vol. II, Botany, pts. 2—5. 
Vol. 11, Zoology, pts. 6—8, (1882-83), 4to, London. 


Tur SocirEtTye 


Journal of the Royal Asiatic Society of Great Britain and Ireland, New Series, 
Vol. XV, pts. 3—4, (1683), 8vo, London. 
Tus Society. 
Proceedings of the Royal Geographical Society, New Series, Vol. V, Nos. 811, 
(1883), 8vo, London. 
THe Society. 
List. of Fellows of the Royal Society of London, 30th November 1882, (1883), 
4to, London. 
THe Soorgry. 
Philosophical Transactions of the Royal Society of London, Vol. 173, pts. 2—4, 
& 174, pt. 1, (1882-83), 4to, London. 


Tue Society. 


Proceedings of the Royal Society of London, Vol. XXXV, Nos. 224—226, (1883), 


8vo, London. 
Tae Sociery | 


Journal of the Society of Arts, Vols. XXXI, Nos. 1608—1617, & XXXII, 
Nos. 1618-1619, (1883), 8vo, London. 


THe Socrery. 


List of the Vertebrated Animals now or lately living in the Gardens of the Zool- 
ogical Society of London, 8th Edition, (1883), 8vo, London. 


Tue Society. 


» Proceedings of the Zoological Society of London for 1883, pts. TI-ITI, (1883), 
8vo, London. 

THE Society. 

‘i Transactions of the Zoological Society of London, Vol. XI, pt. 9, (1883), 4to, 


London. 
Tu Socrery. 


Quarterly Journal of the Geological Society, Vol. XXXIX, No. 155, (1883), 8vo, 
London. 
Tre Socrery. 


Lyon.—Archives du Muséum d’Histoire Naturelle de Lyon, Tome: III, (1888), 4to, Lyon. 
Tae Mouszoum. 
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Tttles of Books. Donors. 
Lonpon.—Association Lyonnaise des Amis des Sciences Naturelles. Compte Rendu de 
Année 1882, (1883), Svo, ph., Lyon. 
THE A&SOCIATION. 
» Muséum des Sciences Naturelles de Lyon. Rapport sur les travaux exécutés pen- 
dant l’'Année 1862, (1883), 8vo, ph., Lyon. 
THs Museum. 
Maprrp.—Boletin de la Sociedad Geografica de Madrid, Tomo XV, Nos. 1—3, (1883), 8vo, 
Madrid. 
Tur Society. 
MaNCHESTER.—Transactions of the Manchester Geological Society, Vol. XVII, pt. 10, 
(1883), 8vo, Manchester. 
Tur Socrery. 
Me.povrnxr.— Reports of the Mining Surveyors and Registrars for quarter ending 30th 
June 1883, (1883), fisc., Melbourne. 
Minina DEepaRTMENT, VICTORIA. 
is Transactions and Proceedings of the Royal fociety of Victoria, Vol. XIX, 
(1883), 8vo, Melbourne. 
Tne Socizry. 
Moscow.—Builetin de la Société Impériale des Naturalistes de Moscow, Vol. LVII, Nos. 
3 & 4, and LVIII, No. 1, (1883), 8vo, Moscow. 
Tar Socrery. 
‘ Nouveaux Mémoires de la Société Impériale des Naturalistes de Moscow, Tome 
XIV, livr. 1, (6883), 4to, Moscow. 
Tue Sociriy, 
NevucuHatk&L.—Bulletin de la Société des Sciences Naturelles de Neuchatel, Tome XIII, 
(1882 70, Neuchatel. 
THE Society. 
NEWCASsTLE-UPON-TYNE.—Transactions of the North of England Institute of Mining and. 
Mechanical Engineers, Vol. XXXJ, pt.6, and XXXII, pts 1—5, 
(1882-83), 8vo, Newcastle-upon-Tyne. 
Tae Institute. 
Panris.—Bulletin de la Société Géologique de France, 3™° Série, Vol. XI, Nos. 4 and 6—7, 
(1883) 8vo, Paris. 
Tur Soctery, 
PHILADELPHIA.— Journal of the Franklin Institute, 3rd Series, Vol. LKXXVI, Nos, 3—5, 
(1883), 8vo, Philadelphia. 
THE INSTITUTE. 
* Proceedings of the Academy of Natural Sciences of Philadelphia, Pts. 
I—IT]I (1882-83), 8vo, Philadelphia. 
THe AcavEmy. 
‘, Proceedings of the American Philosophical Society, Vol. XX, No. 112, 
(1882), 8vo, Philadelphia. 
Tue Socigry. 
Pisa.—Atti della Societa Toscana di Scienze Naturali, Processi Verbali, Vol, III, pp. 
273—-290, (1883), Svo, Pisa. 


THE Socrsry. 
Romz.—Atti deka R. Accademia dei Lincei. 


Séne III, Memorie, Vol. XI—XIII, (1882). 
Série III, Transunti, Vol. VII, fasc, 13—14, (1883), (1882-83), 4to, Roma. 
Tae ACADEMY. 
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Titles of Books. Donors. 
Sr. Pererspura.—Mémoires de L’Académie Impériale des Sciences de St. Pétersbourg, 7” 


Série, Vol. XXXI, Nos. 3— 4, (1883), 4to, St. Pétersbourg. 
THe AcapEmy. 
SINGAPORE.—Journal of the Straits Branch of the Royal Asiatic Society, No. 11, (1883), 
8vo, Singapore. 
THE Sociery. 
Viexna.—Jahrbuch der kais. konig. Geclogischen Reichsanstalt, Band XXXIIT, Nos. 2—3, 


(1883), 8vo, Wien. 
THE INSTITUTE. 


Verhandlungen der k. k. Geologischen Reichsanstalt, Nos. 12—13, (1883), 8vo, 
Wien. 
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Tux INSTITUTE. 


Wasuineton.—Report of the Commissioner of Agriculture for the years 1881 and 1882, 
(1882), 8vo, Washington. 
DEPARTMENT OF AGRICULTURE: 
Smithsonian Miscellaneous Collections, Vols. XXII to XXVII, (1882-83), 
8vo, Washington. 
SMITHSONIAN INSTITUTE. 
York.—Annual Reports of the Council of the Yorkshire Philosophical Society for 1826, 
1827 to 1842, 1844 to 1869, and 1879 to 1882, (1826-1883), 8vo, 
York. 
Tur Society. 
KEEPING-WALTER.—A Popular Hand-Book to the Natural History Collection in 
the Museum of the Yorkshire Philosophical Society, (1881), 
8vo, York. 
THe Socigry. 
WRELLBELOVED, Rev. CHaRLes.—Hand-Book to the Antiquities in the Grounds 
and Museum of the Yorkshire Philosophical 
Society, 7th Edn., (1881), 8vo, York. 
Tue Society. 
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THE GEOLOGICAL SURVEY OF INDIA. 


Part 2.) 1884. [May. 


Note on the Harthquake of 31st December 1881, by R. D. OtpHam, A.R.S.M., 
Geological Survey of India. (With a map.) 


On the morning of the 31st December 1881 a severe earthquake was felt over 
a large portion of the Indian peninsula and Bengal, affecting also the Burmese 
coast and causing much damage in the Andaman and Nicobar islands. A consi- 
derable amount of material, comprising newspaper extracts, official reports and 
private letters, having been placed at my disposal, 1 propose giving a brief notice 
of the more important features of the shock. 

In Bengal it was felt as far as Chunar (?), Gaya, and Hazaribagh ; Akra, in 
the 24-Parganas, was shaken; and at Akyab it was followed by the eruption of 
a mud volcano in Ramri. ! There is no record of its having been felt at Ran- 
goon or Moulmein; at Tenasserim it is doubtful, though it was felt in the Mergui 
archipelago; to the south it is reported as having been ‘severe’ at Acheen 
in Sumatra, and in N. Lat. 3° 54’, H. Long. 91° 21’ it was felt by the ship 
Mount Stuart; at Ootacamund it is recorded, as also at Calicut: thus the area 
over which it was felt measures about 1,600 miles from north to south and 1,500 
miles from east to west, or 2,000,000 square miles in all. 

Such briefly is the summary of the information contained in the daily papers, 
and as no observation of scientific value is recorded in them which has not been 
placed at my disposal in another form, I shall refram from repeating the vague, 
when not misleading, statements of the time and nature of the shock which were 
so given to the world.’ 

There is, however, one published notice which contains much valuable inform- 
ation. I refer to the note by General Walker, and Major M. W. Rogers, R.E. 
(originally published in the Annual Report of the Trigonometrical Survey, and 


3 Records, G. S. i., Vol. xv, Pp. 141. 
3 I may, however, mention one letter by Mr. W. G. Simmons of Calcutta published in the 
Indian Daily News. He seems to have been at some trouble to collect information, and I have to 


thank him for liberally placing it at my disposal. 
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reprinted in the Proceedings of the Asiatic Society of Bengal, March 1883, page 
60) on the records left by the earthquake, and its consequent sea-wave on 
the tidal gauges fixed along the shores of the Bay of Bengal, illustrated by reduc- 
tions from the original records and a chart of the Bay of Bengal, on which Major 
Rogers has marked what he considered to be the focus of the disturbance. For 
the benefit of those who may not have access to the original, I subjoin a short 
abstract of the information contained. 

At Port Blair, the forced sea-wave, indicating the arrival of the earth-wave, is 
indicated at 7h. 44';! the first sea-wave arrived at 8h. 3’, followed by others at 
15 minutes interval, with a height of 3 feet from crest to hollow, the disturbance 
not subsiding entirely till 21%. 

Diamond Harbour.—Sea-wave hardly perceptible; arrived at 15h. 10.’ 

Dablat.—First sea-wave at 13h.; disturbance continued till 21h. 

False Point.—Forced sea-wave at 7h. 54’. Sea-waves small; the first arrived 
at 11h. 15.’ 

Vizagapatam.—The sea-wave arrived at 10h. 43', followed by others until 
midnight, 

Madras.—Sea-wave arrived at 10h. 18.’ 

Negapatam.—The first wave, which arrived at 10h. 15', measured 4 feet from 
crest to hollow, and was followed by others until midnight. 

Paumben.—First wave at 11h. 32’ ; disturbance lasted till midnight. 

At Calcutta the time of arrival of the earthquake was noted by Mr. James 
Murray, who writes, in reply to my enquiries, that he was reading in an upstairs 
room when feeling the shock he immediately ran downstairs and marked on the 
glass of his standard regulating clock the exact position of the second’s hand and 
then waited to note the time of cessation of the motion; afterwards he carefully 
took with a second’s watch the time that it occupied to do all he had done between 
the moment when he first felt the shock and when he made the mark on the 
glass of his clock, adding this and the error of the clock on that morning, he 
obtained the times of commencement and cessation as 7h. 37' 45” and 7h. 42’ O°, 
Calcutta mean time, or 7h, 55' 2’ and 7h, 59'17” Port Blair mean time, respect- 
ively. This, I may add, is the only observation of real value made at the time 
and not automatically recorded that I know of in connection with this shock. 

At Madras a clock in the office of the Master Attendant, electrically controlled 
from the astronomical observatory, was stopped at 7h. 5’ 45” local time, or 7h. 55’ 
36” Port Blair mean time. 

Port Blair is the only place where any damage was done to masonry buildings 
and it is to be regretted that the damage should be so little instructive aa is the 
case. The infantry barrack, of which I have drawings showing the damage done, 
is & long, narrow building situated on the crest of a hill, the major axis bearing 
N. 20° E., while the cross-walls bear E. 20° 8. The latter were severe! 

ae : : Jy 

cracked, while with a single exception not s, crack has : ‘in as 
all. thie suisse mak daa epened m the lehgitudmal 
; mig indicate @ direction nearly N. 20° B, or 8. 20° W., but 


” These times differ from those originally given, having been retaken t 
the original records. The times here and thronghout this notice are redased © Pont Dhais aoan 
time, and for the sea-wave are the time of arrival of the crest of the firwt wave. 
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is most probably, as will be seen from the sequel, due to their being of less solid 
construction. As regards the angle of emergence the cracks do not indicate much, 
merely pointing to a nearly horizontal or nearly vertical emergence; the former 
would be indicated by the fact that a chimney shaft 60 feet high was cracked but 
not overthrown as it certainly must have been by a severe shock with a moderate 
angle of emergence, but as this supposition is irreconcileable with the position of 
the seismic vertical obtained from more trustworthy observations we must suppose 
the angle of emergence to have been nearly horizontal and the violence of the 
shock to have been considerably exaggerated. 

In the Car Nicobar extensive damage was done to the cocoanut groves and 
huts of the natives, and vents similar to those described in connection with the 
Cachar earthquake of 1869! were opened in the sandy soil. It was noted by 
Major W. B. Birch, to whose report I am indebted for the facts, that on the 
margin of the seashore the trees were left standing, while further inland they 
were overthrown. This may have been due to the fact that the edge of the land 
was protected from the earthquake by the slope of the seaward face being steeper 
than that of the emergence of the wave but I am inclined to believe that Major 
Birch’s suggestion, that the soil near the sea margin is firmer than that further 
inland, is more likely to be the true explanation, The sea-wave broke on this 
island and it is recorded that the water penetrated into the houses of the Bur- 
mese residents which stood on platforms of less than 23 feet high, while those on 
higher platforms escaped. 

I will now proceed to the discussion of the data available, which are, firsily, 
the records of the arrival of the earth-wave at Calcutta, Madras, False Point, 
Port Blair, and Kisseraing; and, secondly, the records of the arrival of the sea- 
wave at the stations mentioned above; the latter, however, are owing to irregu- 
larities in the depth of the Bay of Bengal of no use in determining the position 
of the seismic vertical. Of the first category, the records from Madras and 
Calcutta are undoubtedly good, those from Port Blair and False Point are good 
as far as they go, but only pretend to give the time to the nearest minute, while 
the fifth is, as will be subsequently shown, unfortunately open to an element of 
doubt. 

It has been pointed out by Professor Milne that if the earth-wave arrives at two 
points on the earth’s surface at the same moment of absolute time and a straight 
line be drawn joining those two points, the seismic vertical should lie somewhere 
on the line bisecting it at right angles, supposing, that is to say, that the surface 
of the earth were a plane and iis substance homogeneous ; on the same supposi- 
tions if the time of arrival is known at three stations and circles be drawn round 
the two at which the arrival was latest with radii equal to the distance traversed 
by the wave in the respective absolute differences of time between its arrival at 
those stations and at the first station, and a circle be drawn passing through 
the first station and touching the circles drawn round the second and third 
stations, the centre of that circle will represent the position of the seismic vertical. 
Neither of the assumiptions are, of course, theoretically correct, but these con- 
structions give a rapid and convenient method of finding the approximate position 


3 Memoirs, Ga. Ss. : Vol. XIX, part I. 
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of the seismic vertical. Ihave, for the purposes of the first construction, taken the 
time of arrival at Calentta and Madras as identical and represented it on the map 
by fine firm lines; the second construction is not represented, but the centres 
obtained are indicated by dots with the letters C. M. B. for the centre deduced 
from the Calcutta, Madras, and Port Blair observations, and ¥. M. B. for that due 
to those at False Point, Madras, and Port Blair. It will be seen that the first- 
named lies within 30 miles of the true position of the seismic vertical, the error 
being due almost entirely to the unavoidable distortion of the map; the other 
shows a greater error, due partly to a less average accuracy of the observations 
and partly to the fact that the stations are less favourably situated for applying 
the construction. Taking Calcutta, False Point, and Port Blair, we get an impossi- 
ble centre at the mouth of the Irrawadi, the fact being that this construction is 
only practically applicable when the three stations form a pretty open triangle. 
The Madras, False Point, and Kisseraing observations give the centre where Major 
Rogers placed it, but this result is vitiated both by the small inaccuracy of the 
False Point observation and the greater one at Kisseraing, which will be referred 
to hereafter. 

Starting with the C. M. B. centre, a brief investigation proves it to be about 
30 miles too far south ; so taking Lat. 15° Long. 89° as the centre provisionally, we 
find that the geodetic distance from this pomt to 


Feet. 
Port Blair is ; ; : : : : . . 1,804,475 
Calcutta is : ; ° ‘ : : ; - 8,117,585 
False Pointis . ; : ‘ ‘ . ; - 2,888,620 
Madras is ‘ : ‘ : - : . 8,177,850 
Kisseraing is : : - %,563,660 


Subtracting the distance to Port Blair and dividing the results by the respective 
differences of time, we get a velocity of transit as between Port Blair and 


Feet per second. 
Calcutta of . ; ; ‘ : : P . . 1,957 
Madras of . ; é “ ‘ ; ‘ ‘ . 1,948 
False P oint of Py e e * ° ® . P * 1,807 
Kisseraing of , ; . . . 2,666 


and as between Calcutta and Madras of 1,746 feet per second—a not impossible 
result, as the difference of distance would lie mainly in alluvial deposits, though 
possibly indicates that the centre is abont half a mile east of the position assumed, 

The low velocity as between Port Blair and False Point is easily explicable by 
the fact that the observations are only given to the nearest minute; had the time 
interval been 9 minutes instead of 10 minutes, it would give a velocity of 2,001 feet 
per second, while an interval of 92 minutes would bring it almost into accord with 
the Calcutta and Madras observations. From this we may conclude that the time 
recorded at Port Blair is too early, or that at False Point too late, or possibly both. 
It must be borne in mind that the times were taken from the trace left by a pencil 
on & sheet of paper and on a scale on which it would be difficult to distinguish 
between, say, 7h. 53’ 15" and 7h. 58’ 45”, though one should be recorded to the 
nearest minute as 7h. 58’ and the other as 7h. 54/, 


The Kisseraing observation, however, gives a velocity which is inexplicable 


PART 2.] OtpHamu: Earthquake of 31st December 1881. 51 


on this supposition, and I cannot but consider the error due to an actual error of 
observation, as, though it can be approximately reconciled with those from the 
western stations, this can only be done by taking the latter out of accord with 
each other and giving an inadmissibly high velocity to the whole series. The 
only published record of this observation is that in Major Roger’s note, where he 
says that “at Madras, False Point, and Kisseraing the shock was felt at about the 
sume minute—7h.55’ a.M.;” it will be seen that this is rathor vague, and a personal 
application to Major Rogers elicited the fact that the original record-had been 
destroyed, and it was consequently no longer possible to estimate the degree of 
accuracy of the time record. I fear we must reject this observation as of insuff- 
cient accuracy for the purposes of the investigation. 

The position assumed above proves to be that which best reconciles itself to 
the excellent obsérvations at Calcutta and Madras, and to the automatic records 
at Port Blair and in a less degree False Point ; I shall consequently consider that 
the shock did originate vertically below a point situated in Lat. 15° N., and 
Long. 89° E., and that it travelled with a velocity of 1,950 feet per second, being 
that indicated by the Madras and Calcutta and Port Blair observations. Under 
these circumstances the time taken by the earth-wave to travel from;the seismic 
vertical to 


Port Blair would be ‘ : ‘ : 2 é . 16’ 25” 
Calcutta 99 e e ry e e e e 26’ 89” 
Madras pe . : . ‘ 27° 9” 


(I omit Kisseraing and False Point owing to probable inaccuracies of the records.) 


Subtracting these intervals from the recorded times, we have the Port Blair 
mean time of the origin of the earthquake deduced from the 


Port Blair record as . 3 ‘ : Ec ‘ . Th. 28 35” 
Calcutta we: ce ; . : ; : . Fh. 28’ 23” 
Madras be Gg : ; ? : : . Th. a8’ 27" 

Mean . Th. 28’ 28” 


Bat as the Port Blair record is liable to an unknown error being merely to the 
nearest minute, the mean of the Calcutta and Madras results, viz., 7h, 28' 25”, is 
probably more accurate. Taking this result and reckoning back to the various 
stations we get the true time at 


Port Blair, 74. 43’ 50” instead of 7%. 44’, a probable errorof . +10” 


False Point, 74. 53’ 6” Th. 54! oa es . +54" 
Kisseraing, 74.58’ 58" Th. 56" - 3 . —3’ 58” 


The depth of the focus below the level of the sea cannot unfortunately be 
ascertained, the only records that could give the angle of emergence being from 
Port Blair and, as mentioned above, they are indefinite, and all we can say is that 
the emergence was nearly horizontal; from this we would deduce a focus situated 
at a small depth, probably about 5 or 10 miles, and being improbably over 15 miles 
from the surface. 

In the shape of the area over which the shock was felt there is a notable pecu- 
liarity as regards its eastern boundary between Akyab and Tenasserim, which 
seems to be real and not merely due to insufficient information, for Rangoon and 
Moulmein are large cities with a considerable resident European population, so 
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that the shock if felt could hardly have escaped record.! In the Mergni archi- 
pelago it is recorded as slight, and it is very doubtful whether it was felt at 
Tenasserim. To the south, west, and north the configuration is very different ; 
the shock is recorded as severe at Acheen; it was felt by the ship Mount Stuart 
in N. Lat. 3° 54 BE. Long. 91° 21’; to the west it was felt at Calicut; and 
to the north is said to have been felt at Chunar, though Gaya is possibly 
the extreme limit. This peculiarity may in part be due to a difference in the 
rocks traversed, but not being fully accounted for in that manner clearly in- 
dicates that the shock had its origin in a fissure underlying strongly to the west. 
If we accepted the Chunar record, it would almost be necessary to suppose the 
fissure curved and bending round from about S.-W. to S.-H, rejecting it we 
come to the conclusion that this earthquake had its origin in a straight, or 
nearly straight, fissure bearing about N.-W. and S8.-K. and underlying to the 
S.-W., a far more probable configuration than the first, and one which is not 
absolutely incompatible with the Chunar record, if that is correct. 


When we come to exami records of the tide ganges the first point 
to be noticed is the absence of ord from the stations on the Burmese coast, 
while the wave is shown toh shed points on the western coast of the Bay 
situated at a greater distance fr centre. This, however, ceases to be remark- 


able when we examine the records from the stations on the delta of the Ganges. 
At Dablat the height of the wave is 12 inches, while at False Point it is but 
2 inches, and merely perceptible at Diamond Harbour; if on the delta of the Ganges, 
exposed to the full force of the wave, the mere shoaling of the waters produced 
such an effect, it is not surprising that a similar shoaling at the mouth of the 
Irrawadi should have entirely destroyed the wave already enfeebled by the 
barrier stretching between Cape Negrais and the Andaman islands. 

Between the centre and Port Blair the wave must have travelled by a cir- 
cuitous route, and as it is impossible to say what allowance is to be made for this 
it becomes impracticable to correctly calculate the rate at which it travelled. In 
all probability the first wave recorded came round the south of the island, while 
the curve bears ample evidence that the subsequent long-continued and compli- 
cated disturbance was due to the interference of the two sets of waves—one 
travelling from the north, the other from the south. 

Taking, for convenience of calculation, the time of origin of the wave as 
7h. 28' 30’, the error so introduced being comparatively insignificant, and in any 
case certainly not greater than that due to want of accuracy in the records, we 
find that tho mean rate of transit of the wave between the centre and 


Feet per second. 
Paumben is lw ° : 281 
Negapatam , .- ° . 359 
Madras » ° . 311 2 
Visagapatam ,, ° . . 1 
False Point ,, ‘ ° : ° 0 : . 218 
Dablat es , 2 ‘ wt. . : : . 104 
2 As this note was passing through the press a paper on ‘ Rarthquake disturbances of the 
Tides on the coasts of India,’ by Licutenant-General J.T. Walker, C.B., B.B.S., etc. gare 


in *‘Natare, February 14th, in whicl it is incidentally mentioned that the earthquake w 
at Rangeon and Mouluein. . 
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Of these, the difference between the mean rates to Negapatam and Paumben 
is due to the long stretch of shallow water crossed in the latter case; but the 
difference between Madras and Negapatam is noticeable, and is probably due to 
the shallowing of the bay by the deposit in it of the silt brought down by the 
Kistna and Godavery rivers; this same cause has evidently affected the velocity 
between the centre and Vizagapatam, while the increase in velocity between the 
centre and False Point indicates that the wave has travelled over the depression 
between the two banks caused by the deposit from the Kistna and Godavery 
on the one hand and the Ganges and Brahmaputra on the other. 

This notice, besides its direct bearing on the earthquake in question, shows 
the great value of a few really accurate time observations which, taken in 
conjunction with such simple observations as are within the power of all to make, 
have enabled me to fix the position of the seismic vertical, the velocity of trans- 
mission of the earth-wave, and the approximate form of the focus; had it ori- 
ginated inland there might not improbably have been sufficient information 
available to fix the depth of the focus—in the present state of our knowledge, one 
of the most important, if not the most important point to be determined with 
some degree of accuracy. Under these circumstances it is unfortunate that in 
the system of seismological observations recently sanctioned by Government an 
accurate determination of the time could not be incorporated, but with the 
unskilled even where not unsympathetic observers who are alone, as a rule, avail- 
able, it would be impossible to secure that accuracy of record which alone would 
be of use; for this is especially a case where an inaccuracy, where accuracy is 
looked for, is worse than no record at all. 


The following facts, though not strictly related to the earthquake under consi. 
deration, may with advantage be put on record here. 

The master of the ship Commonwealth reported that he felt three shocks 
of earthquake on the 1st January 1882 in N. Lat. 8° 20’, E. Long. 92° 42’, 
and that the whole of the Car Nicobar was hidden by smoke. Major Birch on 
his subsequent visit to the island could find no foundation for this statement, so 
that in all probability it was only the smoke of a fire that was seen. 

This shock was stated in the daily papers to have been felt at Khatmandu, 
in Nepal; but to judge from the more detailed information placed at my disposal, 
this cannot have been the same shock. 


On the Microscopic structure of some Himalayan granites and gneissose granites, 
by Cotonst C. A. McManon, F.G.S. (With a Plate.) 

In my paper “On the microscopic structure of some Dalhousie rocks,”! I 
have already given an account of the structure of the gneissose granite of Dain- 
kund, Dalhousie. This paper is occupied with a description of the “ outer band” 
of gneissose granite at Dalhousie, called gneiss in my previous papers, and of 
gneissose granite found in the Sutlej valley, and in the Chor mountain near Simla. 
I have also, for the sake of comparison, described the microscopic structure of some 
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undoubtedly eruptive granites, which invade silurian and cambrian (?) rocks in 
the Ravi and Sutlej valleys. 

In this paper I propose to follow my usual custom, and begin with a somewhat 
detailed account of the several specimens, and conclude with some general remarks 
by way of summing up the results of my investigation. 

1. Granite intrusive in the schists above Darwas, from a dyke on the road 
between Darwas and Kilar, Pangi valley, Chamba.! The hand specimen shows 
the junction of the granite and the mica schists, A parallelism of structure, 
evidently due to traction, is, to a certain extent, observable in the granite. 
Sehorl is abundant in the hand specimen, but none occurs in the slice. 

M.—-Quartz, orthoclase, and a silvery mica, are abundant, and there is a 
little triclinic felspar. 

The quartz is hyaline, and contains a prodigious number of liquid cavities. 
Most of the orthoclase is white and opaque. The slice contains a large garnet of 
decidedly pink colour in transmitted light; part of it is decomposed. There are 
several belonites, but they do not contain any shrinkage cavities. 

Viewed macroscopically, the mica is of a brilliant silvery metallic lustre, but 
under the microscope it is dull, and shows no colours under the polariscope. 

Nos. 2, 3, and 4.—Granite intrusive in quartzite and in schistose rocks at Leo, 
on the Spiti river. It occurs in dykes and veins varying in thickness from 
30 feet to a fraction of an inch, and penetrates the rocks in all directions. (See 


Records, Vol. XII, p. 40.) 


2. A fine-grained granite. 
3. A medium-grained granite. Muscovite having a brilliant silvery lustre is 


very prominent. Schorl is not visible to the naked eye. The felspar is of dull 
white colour, differing little in tint from the quartz. A pink garnet is visible 
in the hand specimen. 

4. A fine-grained granite. Scarcely any muscovite is to be seen with a lens, 
but well-crystallised minute prisms of schorl are very abundant, and give the 
rock a, speckled appearance. 

M.—The quartz in these specimens is almost wholly of polysynthetic strac- 
ture, similar to the “fish roe” quartz of the Dalhousie gneissose granite. It con- 
tains liquid cavities with movable bubbles, though not in great abundance, 

Orthoclase and plagioclase are both present, and, apparently, in nearly equal 
quantities. The twinning is very fine, the lsmellw being extremely thin. In some 
crystals they are slightly curved out of the perpendicular ; in other felspars cracks 
have been formed subsequent to the twinning, and have been filled with quartz ; 
whilst in one instance the twinning has been faulted by a diagonal fracture. All 
these circumstances seem. to indicate conditions of strain connected with the in- 
trasion of the granite into the sedimentary rocks. 

Muscovite is abundant in all the specimens, and in all it polarises in delicate 
colours, but with extreme brilliancy, as in the Dalhousie gneissose granite. All 
the slices contain schorl, garnets, and a little green mica. In No. 8, the schorl 
and garnets are in strings, having a common direction, the result doubtless of 
traction. The garnets contain enclosures with fixed bubbles, and one of the emp- 
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closures is apparently a ‘‘ stone cavity.” Quartz enclosures are common in the 
schorl. 


Neither magnetite nor ilmenite is present, but red ferruginous stains are not 
uncommon. 

Nos. 5 to 12.—Granite from the cliffs above Jdngi, Sutlej valley. I have 
described the mode in which the granite occurs in previous papers (Records, 
Vol. X, p. 221; Vol. XII, p. 57). The result of its study in the field on two occa- 
sions left no doubt in my mind of its intrusive character. The rock is white and 
fine-grained, and is composed of quartz, felspar, and biotite. 

M.—Quartz is more abundant than felspar, but not notably so. Plagioclase 
is sparse, and is very subordinate to the orthoclase. Allthe slices contain micro- 
cline, except No. 7. 

Garnets are present, but they are very small; some of them contain liquid 
cavities with extremely minute movable bubbles. 

Biotite is plentiful ; it occurs in large groups, in which the folia are oriented 
in all directions and the basal cleavage is strongly developed, and also in the 
form of minute rounded or hexagonal-shaped microliths scattered abundantly 
through the ground mass. Elongated microliths of it are also present, but they 
are not so numerous. It is of rich brown-green and green-brown colour in trans- 
mitted, and deep black in reflected, light. 

Except in the form of microliths, muscovite is extremely scarce. The only 
piece of any size occurs imbedded in a greup of biotite. Thousands of microliths 
of this mica are crowded together in many of the felspars in a way exactly simi- 
lar to that described in my paper on the gneissose granites of Dalhousie.! At 
times, they are scattered about in a promiscuous manner ; at others, they conform 
to the direction of the cleavage planes of the felspar. 

In the slices of the Jéngi granite under consideration, and in the gneissose 
granite of the Sutlej valley generally, these muscovite microliths—for such I take: 
them to be—frequently assume very curious combinations, imitative or suggestive 
of organic structures, the result, I apprehend, of the imperfect development or 
arrested crystallisation of these microliths. At fig. 9 I have sketched a dendritic 
combination that occurs in one of the slices. 

At fig. 10 I have given a sketch of crystals formed within a crystal (“stone 
enclosure ”’) with a contraction bubble, due to shrinkage on cooling. This illus- 
tration is taken from slice No. 8. As the Jangi granite is undoubtedly an erup- 
tive rock intrusive in the schists in which it occurs, it is Interesting to compare 
the enclosures contained in it with those of rocks whose eruptive character is 
more doubtful. 

Figs. 11, 12, and 13 are sketches of microscopic crystals (greatly enlarged) 
found in slice No, 7, which are typical of the kinds of enclosures not uncommon in 
the granites and gneissose granites of the Sutlej valley. No. 11 contains numerous 
cavities with contraction bubbles in them. No. 12 encloses stone cavities, or 
crystals, with bubbles in them, and gas cavities; whilst No. 13 contains cavities 
and crystals, one of the former of which holds a nearly rectangular crystal. 
The crack observable im No, 11 is probably due to shrinkage on cooling. Enclo- 
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sures, such as those depicted, are characteristic of igneous rocks; they show that 
the mass which contains them was subjected to great heat and was reduced to a 
more or less fiuid or plastic condition; that the crystals under observation con- 
tracted on cooling, and that they either caught up the micro-crystals and the 
fluids and gasses now enclosed in them in the act of crystallisation, or that the 
mineral matter at the time of consolidation deposited these endo-crystals, and the 
fluid and gas, held in solution, or occluded in it, when at a high temperature. 

No. 13.—Granite from a dyke near Raérang, Sutlej valley. This dyke (Re- 
cords, Vol. X, p. 221) is about 300 or 400 feet wide, and cuts through thin-bedded 
mica schists up to the crest of the ridge, sending out large lateral veins into the 
schists. It is a very fine-grained rock, of much darker colour than the last, 
owing to the abundance of biotite present in it. The felspar is very glassy look- 
ing, and much resembles quartz in colour and aspect. A parallelism in the 
arrangement of the biotite, resembling incipient foliation, is, to a certain extent, 
observable. 

M.—Quartz predominates over the felspar, and orthoclase is very subordinate 
to plagioclase. The slice contains no muscovite, except in the form of microliths. 
There are a few small garnets. In general characteristics this rock much resem- 
bles the Jéngi granite, and doubtless it is only a variety of it. 

The quartz contains numerous liquid cavities. The great majority of them 
are without bubbles; others have fixed bubbles and some few movable bubbles, 
A flattened variety of liquid cavity, with a fixed bubble, is common. 

Several of the microliths have elongated shrinkage cavities or bubbles. 

No. 14.—Granite from the centre of a dyke intrusive in mica schists at 
P&ngi, Sutlej valley.?. A fine-grained white granite, containing white felspar 
quartz, muscovite, biotite, and schorl. The muscovite is in hexagonal-shaped 

ackets. 
: M.—Quartz is decidedly subordinate to felspar ; plagioclase to orthoclase, and 
biotite to muscovite. Schorl and garnets are present. The muscovite is well 
crystallised and is in hexagonal plates. The cleavage of both muscovite and 
biotite is strongly developed, and some of the biotite is enclosed in muscovite. 

The felspar is free from microliths of muscovite and biotite. A little micro- 
cline is present. 

One of the garnets—or what I doubt notis a garnet—exhibits double refraction. 
It is colourless in transmitted light, and is evidently unaltered, so that the double 
refraction is not due to alteration, The garnet is also too large, and the slice is 
too thin to admit of the supposition that the section of the mineral under exami- 
nation is superimposed on a slice of quartz or felspar, so ita abnormal behaviour 
between crossed nicols cannot be attributed to the interventien of a doubly 
refractive medium. I have sometimes observed the peculiarity now noted in 
garnets in the gneissoso granites, thongh the double refraction is usually very 
feeble. 

One variety of garnet, colophonite, is said to exhibit donble refraction ; and, vide 
E. 8. Dana’s Appendix ITl, page 50, garnets sre considered pacudo-isometzic: 
and are referred to the triclinic system by Mallard and Bertrand. But may not 
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the occasional and generally very feeble double refraction of some of the garncts 
of the granites and gneissose granites of the North-West Himalayas be due to 
Strain and be simply one of the results of pressure consequent on intrusion? It is 
well known that glass subjected to strain exhibits double refraction. 

Liquid cavities, with fixed and movable bubbles, are abundant. The bubbles 
are of good size, and for the most part cover about half the area of the cavity, 
indicating a condition of very great heat and great subsequent contraction on 
cooling. The whole aspect of the rock shows that the granite, when injected 
into the schists, was in a completely fused or fluid condition, and cooled slowly, 
hence the perfectly crystalline condition of its component minerals. 

No. 15.~—Granite from another large dyke: Pangi, Bassdhir. Similar dykes 
are rather numerous in the gneissose granite between Wangtu and Pangi. 
Muscovite is plentiful, and a dark-green mica is rather abundant. Schorl is pre- 
sent in some quantity. The felspar assumes a green appearance here and there, 
owing apparently to the deposit of a thin superficial film of chlorite. 

M.—Orthoclase is more abundant than quartz. Plagioclase is present, but 
in very small quantity. The double refraction of the muscovite is so great that 
the thinnest sections of it only show the feeblest colours in polarized light. Tho 
basal cleavage lines of the green mica are well developed in some sections. Mica 
is not present in the form of microliths. 

Liquid cavities with movable bubbles are extremely numerous both in the 
quartz and in the felspar. As in the last specimen, the bubbles are large relatively 
to the size of the cavities, and they are remarkably lively. Much of the felspar 
18 Opaque owing to the abundance of the enclosures in it, partly liquid and partly 
unresolvable ones. The slice contains gas cavities, but they are not abun- 
dant. I cannot call to mind any rock in which liquid cavities are more abun- 
dant than in this specimen. I have not observed a single microlith in this 
slice, : 

As in the last rock described, this granite was evidently subjected to intense 
heat, and reduced by igneo-aqueous action to a fused condition and subsequently 
cooled slowly. 

Nos. 16 to 19.—Gneissose granite: Wangtu! Sutlej valley, Basséhir. These 
specimens contain an abundance of very black biotite, in the arrangement of which 
paraliclism of structure is very distinct. 

M.—In these slices orthoclase largely predominates over the plagioclase ; 
whilst quartz and felspar are present in about equal proportions. Biotite and 
muscovite are both present ; the former predominates in leaves of other than 
microscopic size, but the muscovite is abundant in micro-crystalline agglomera- 
tions in the form of microliths in the felspar, as described in the Jéngi granite, 
slices 5—8. 

The dendritic combinations described in connection with the Jadngi granite 
occur in these slices, and fig. 9 is taken from one of them. 

The quartz in these slices occurs in grains of moderate size, and also in fish 
roe grains, the latter ahowing a decided tendency to assume hexagonal outlines. 

3 & brief allusion to the rocks at Wangtu is contained in my paper in the 10th Volume of 
Records, pp. 218, 219. 
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The quartz contains numerous liquid cavities with bubbles, some of which are 
movable. Much of the felspar is very opaque; but in some the intersection of 
the basal and clino-diagonal cleavage planes is well seen. 

This rock has all the appearance under the microscope of an ordinary granite 
of eruptive origin. 

Nos. 20 and 21.—Granite from the neighbourhood of Wangtn, 

M. —Plagioclase 1 is the predominating felspar, though orthoclase is also present. 

Microcline is abundant and is of typical character. In slice No. 14 one of 
the crystals is of large size. The orthoclase and microcline taken together, 
equal, or nearly equal, the plagioclase. 

Schorl is abundant, and contains numerous inclusions of quartz. Biotite and 
muscovite are present, but in small quantities, The quartz is very subordinate in 
amount to the felspar. 

Liquid cavities with movable bubbles abound in the quartz, and I have ob- 
served some with fixed bubbles in the felspar. The bubbles are of good size, and 
the area of the cavities appears, at a rough guess, to be about two and a half 
times that of the bubbles contained in them. 

The quartz enclosed in the schorl contains liquid cavities with movable 
bubbles, whilst the schor! itself contains cavities with fixed bubbles. There are 
some microliths containing what appear to be shrinkage cavities in them. 

Beryl from a granite dyke near Wangtu, Sutley Valley.—tl have bery] taken 
from a granite dyke which is intrusive in the gneissose granite at Wangtu 
enclosed in quartz, m felspar, and in muscovite, and it is therefore clear that 
beryl was the first mineral to crystallise, An examination of thin slices of the 
beryl under the microscope is particularly interesting, as it enables us to ascertain 
the condition of the fused mass at an early stage of cooling before the quartz, 
felspar, and muscovite had begun to crystallise. 

The examination of these slices shows that the magma must have been in a 
fiuid state, and that a considerable amount of heated gas, water, and carbon 
dioxide were intimately blended with it in a superheated condition when the 
beryl crystallised. 

The number of enclosures containing bubbles to be seen in these slices is quite 
extraordinary. The enclosures are of various shapes ; some are hexagonal, others 
are more or less round or of very irregular shapes. The bubbles, as a rule, occupy 
about half the area of the cavities which contain them. Someof the bubbles 
are movable, but the great majority of them are stationary. Many of the lacune 
are full of liquid, whilst others contain gas, which in many cases has contracted 
on cooling. Some liquid cavities contain globules of liquid carbon dioxide with 
enclosed vacuum bubbles—bubbles within bubbles—the inner bubbles being 
movable and in some cases rewarkably lively. There seems to be no doubt of the 
larger bubble being carbon dioxide, as the inner bubble disappears when a piece 
of heated iron is brought near it and re-appears on cooling. 

The bery] also contains some good “ stone cavities” with fixed bubbles, that is to 
say, enclosures in which a stony base has deposited crystalline matier on cooling. 

Nos. 22 to 25.—Gneiasose granite at Chora between Sarhan and Teranda, 
Sutilej valley. The extreme whiteness of the felspar is in strong contrast with the 
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blackness of the biotite, which is abundant. A parallelism of structure in the 
arrangement of the biotite is, to a certain extent, observable in the hand specimen. 

M.—Orthoclase and quartz are probably about equal in amount; plagioclase 
is also present, but is subordinate ; schorl is very abundant, it is in large irregu- 
larly shaped pieces, and encloses rather large grains of quartz. The slice also 
contains muscovite, biotite, and garnet, The biotite and muscovite are for the 
most part linked together in tortuous strings; leaves of the one occasionally 
alternating with the other species of mica: micro-garnets, and rounded microliths 
of biotite are scattered rather freely through the slice. 

Gas cavities are abundant, and there are good liquid cavities with movable 
bubbles. The flat type of liquid cavities is also common. 

The slice contains numerous stone enclosures that have deposited dusty 
matter on cooling. One of these, depicted at figure 5, has been fractured ; 
the fractures being probably due to contraction on cooling, and the subsequent 
dislocation to a tremulous movement of the viscid matrix. In other cases, 
instances of which are depicted at figures 6 and 7, these stone enclosures, or 
crystals, have either deposited minute endo-crystals on cooling, or have in the 
process of their own crystallisation caught up previously formed microliths and 
held them in their embrace during consolidation. 

Tn either case, the instances illustrated at figs. 5, 6, and 7 show that the 
rock was, at one stege in its history, in a more or less liquid or fused condition. 

At fig. 8 I have given another illustration from those slices, in which minute 
crystals are contained in another crystal, which is itself caught up in, or was 
deposited from, a stone enclosure. 

The size of the bubbles in the liquid lacune relatively to the area of the 
cavities varies considerably, but I should think on the average the cavities cover 
an area of from two and a half to three times that of the bubbles. 

Nos. 26 to 30.—Gneissose granite between Kalog and Bali, Sutle) valley. On 
the high level road, now fallen to ruin, between Nakanda and Rampur. 

M.—These slices contain some cavities that have deposited stony material, 
enclosures with fixed bubbles in them and microliths that contain cracks which 
have evidently resulted from shrinkage on cooling. 

Nos. 31 to 33.—Gneissose granite from the Kot peak above the Bagi road, 
described at Vol. X, p. 217, Records. 

M.—This rock has all the appearance of a true granite under the microscope. 
Orthoclase and plagioclase are both present—the latter in some abundance. 
Biotite and muscovite are plentiful. Quartz is subordinate to the felspar. 

Muscovite is present in the form of well-cleaved folia and also as microliths, 
the latter being very abundant. Biotite also occurs in large microscopic leaves 
grouped together, and in small rounded isolated ones of microscopic size scat- 
tered through the ground mass. 

Long, attenuated, colourless microliths, often bent and broken, are present in 
considerable abundance, and appear to be imperfectly developed apatite. 

Opacite occurs in some quantity ; ssmetimes it is attached to microliths and 
at others is caught up inside them, in both cases being very similar to those 
described in my paper on the lavas of Aden. See figs. 4, 6, 11, 12, and 13 of the 
plate illustrating that paper. Records, Vol. XVI, p. 158. 
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Some microliths contain what appear to be shrinkage cavities and enclosed 
micro-crystals, One of the former is undoubtedly due to shrinkage on cooling, 
as it runs the length of the microlith and conforms to its shape. The illustration 
given at (a) of fig. 11 of the last-quoted paper applies equally to the microliths 
now described. 

The quartz contains liquid cavities with movable bubbles, but they are not 
very abundant. It also contains elongated prismatic enclosures that have 
deposited dusty matter on cooling. 

Shce 23 contains some minute prisms of schorl and some hematite or 
gothite. 

Nos. 34 to 50.—Gneissose granite, Bagi road. All that needs to be noted 
regarding these specimens is that they contain liquid cavities with movable 
bubbles, numerous microliths with fixed bubbles and elongated shrinkage cavi- 
ties, running with the length of the microlith; and microliths cracked through 
shrinkage and fractured owing to a tremulous movement in the viscid matrix. 
These microliths have either caught up opacite at the time of formation or 
have deposited it on cooling, and they have opacite granules attached to them, 
in both cases resembling those described under Nos. 31 to 33, and which have 
been compared with similar bodies in the Aden lavas. 

No. 51.—A dark porphyritic gneiss, from the flank of Hattu, between Hattu 
and Nakanda. There is a small outcrop at about the same elevation as the 
Nakanda travellers’ bungalow. The gneiss contains small felspar ‘‘eyes” and 
large rectangular crystals of orthoclase. 

M.—This is, I think, a metamorphic rock. It is composed of quartz in 
minute granules, orthoclase, a few crystals of plagioclase, and countless leaves 
of a dark greenish-brown mica, There is complete parallelism of structure, and 
all the leaves of mica not only point in the same direction, but their optical 
orientation is perfectly homogeneous, and when the slice is revolved under a 
single nicol, extinction is simultaneous in all the leaves. 

Some colourless mica and some garnets are present, and countless crystals 
and granules of epidote. There are no liquid cavities with bubbles. 

Nos. 52 and 53.—From the summit of Hattu. These specimens would, if 
their macroscopical appearance alone were considered, be classed as ordinary 
and very typical gneiss. 

The felspar is present in the form of eyes, and in elongated masses or strings 
of eyes, and occasionally in more rectangular crystals. Many of the eyes exhibit 
carisbad twinning, the twinning plane coinciding with the longest diameter of 
mi Nae gale is seen foliated, lines of dark mica curving round the fels- 
“2a en ee eae 
crystal of orthoclase is twinned on the carlibad Gre and in rae tro 
growth of plagioclase has taken place. 

e leaves of muscovite and biotite i 
themuslves in sizings which fow reand ee ves tendency to arrange 
biotite and muscovite in these chains porphyriuc crystals. The leaves of 
C. often alternate with cach other, at other 
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times part of a string is formed of leaves of biotite linked together, and the 
other portion of leaves of muscovite combined together. The leaves do not all 
follow each other in straight lines, but some radiate from the chain at high 
angles to it. Extinction does not take place simultaneously in all the leaves 
of biotite as in No. 51, but the greater proportion of the leaves in the field of 
the microscope extinguish together. 

The mica is not confined to these strings, but is also scattered promiscuously 
through the slice, and there are many rounded and elongated microliths of 
biotite in the slice. Some other colourless microliths are also present, but they 
are not numerous. 

The quariz is in minute grains, and a general parallelism in the arrangement 
of these grains is distinctly observable. Flat liquid cavities, with fixed bubbles, 
are rather numerous. 

Liquid cavities, with movable bubbles, are abundant in some grains, but not in 
others. 

Dendritical muscovite is plentiful in one of these slices. 

Slice No. 52 contains some small colourless garnets. 

I think this specimen is an ordinary gneiss. 

Nos. 54 to 59.—Granite from the summit of the Chor mountain. A medium- 
grained granite, containing quartz, felspar, a dark mica, schorl, and some small 
garnets. Some of the larger orthoclase crystals are seen to be macled on the 
carlsbad type. The rock has a speckled appearance owing to the superficial 
decomposition of some of the felspar. 

M.—It is not possible to determine the relative proportion of quartz to fels- 
par from mere inspection, for in some slices quartz preponderates and in others 
felspar. A macroscopical examination of the hand specimen, moreover, does not 
enable me to decide the question. On the whole, I think, quartz and felspar are 
pretty equally divided. 

Plagioclase is present in some abundance, but it is decidedly subordinate to 
orthoclase. 

Fibrous felspar is to be seen in one of the slices, and it shades here and there 
into typical microcline. 

Orthovlase is occasionally seen to be twinned on the carlsbad type, and one 
crystal of this mineral encloses a small prism of orthoclase macled on this system. 

Muscovite 1s very sparse except in the form of microliths, but these are so 
abundant in some of the felspars as to make it almost impossible to say whether 
the latter are monoclinic or triclinic. Some cryptocrystalline mica is also 

resent. 
. The biotite, in transmitted light, is of pale greenish-brown colour in sections 
that display the basal cleavage ; whilst sections which coincide with the cleavage, 
viz., those normal to the optic axis, are of deep rich reddish-brown. 

Garnets, colourless in transmitted light, are rather numerous. They are 
for the most part of good size, and frequently present regular crystallographic 
outlines. The larger ones generally present six-sided sections, whilst some of the 
zninute ones appear to be in the form depicted in figs. 24], 242, and 246, page 
266, J. D. Dana’s System of Mineralogy, 5th edition. 
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Some of the slices contain patches of chloritic matter, which appears to be 
a secondary product resulting from the alteration of garnet. One patch is four- 
sided, the sides being straight lines, and is doubtless a pseudomorph after garnet ; 
whilst, in other cases, small groups of garnets, some of which are in process of 
alteration, are embedded in chloritic matter, which, it seems probable, was 
formed from the degradation of some of the members of these groups. One of 
the garnets exhibits a feeble double refraction. 

The slice is stained here and there with ferric oxide apparently derived from 
the biotite, and this imparts rather a pink appearance to the rock viewed macros- 
copically. 

Two of the slices contain grains of magnetite either caught up in or adjoining 
leaves of biotite. I have several times seen the presence of magnetite fringing 
biotite or hornblende attributed to the decomposition of these minerals, but I do 
not think there are any grounds for supposing that the magnetite has been derived 
from the biotite in this case, for the grains of the former are of considerable size 
and the biotite exhibits no signs of alteration in their neighbourhood. I think 
the biotite was attracted to the magnetite, by molecular attraction, at the time of 
crytallisation and formed upon it. Magnetic attraction even might come into 
play between magnetite and a mineral so rich in iron as biotite.’ In some speci- 
mens (J. D. Dana) the percentage rises as high as 26°9. 

One piece of felspar contains a large prism of quartz with pyramidal ter- 
minations. The felspar itself is a very peculiar object. It is traversed in parts 
by irregular straight lines running in one direction that polarise in a different 
tint to the body of the felspar. They are very fine lines with rather jagged sides, 
and they want the regularity of plagioclase twinning. Some of them are long 
and some of them are short; some bifurcate towards their termination, others 
inosculate with each other. These lines are traversed at a low angle by another 
set of larger and still more irregular lines, or veins, which here and there merge 
into the first set. The second set of lines is filled in part with cryptocrystalline 
mica, and in part with felspar. At their terminal ends they merge into patches of 
cryptocrystalline or dendritic mica, It is difficult to say whether the two sets of 
lines are due to intergrowth, or to cracks formed along intersecting cleavage lines 
before the whole of the mineral constituents of the rock had completely con- 
soliduted. Such cracking might easily occur in a viscid or partially consolidated 
rock subjected to great strain in the course of intrusion into hard stratified rocks, 
and I think the appearances above described are probably due to this cause. 
Other felspars appear also to have been cracked, and filled with a confusedly 
crystalline material which seems to be in part micaceous. — 

The quartz is in large and also in microscopic grains; liquid cavities with 
movable bubbles are not numerous, and they are of minute size ; cavities with fixed 
bubbles containing a coloured liquid, or glass, are not uncommon. Hair-like 
belonites are numerous in the quartz. 

“ Stone -enclosures,” or microliths, that have deposited minerals on cooling, 
occur in these slices. A sketch of one is given at fig,.1. The crystal deposited 


7 Hlectro-magnets are now used in chemical laboratories to separate minerals rich in iron 
from those poor in iron, 


part 2.] McManon: Microscopic structure of some Himalayan granites 63 


at (a) has curved sides suggestive of siderite. Other crystals have been had 
deposited at (6). The microlith has cracked in two places, probably the result of 
contraction on cooling, and one crack has resulted, apparently, in its division into 
two pieces. 

At figs. 2, 3, and 4, I have depicted illustrations, taken from these slices, 
of opacite (apparently magnetite) deposited in cavities. It is difficult to say 
whether the opacite was deposited on cooling from a glass which, when under 
high pressure, at a great heat, held it in suspension, or whether the glass was 
attracted to the opacite. Figs. 2 and 3 seem to me instances of the former; but 
whichever explanation be the true one, in either case the rock must have beon 
in a fluid or semi-filuid state; and cases such as those depicted in figs. 1 to 4 
seem to indicate that the rock, before consolidation, was in a condition of aqueo- 
igneous fusion. 

No. 60.—From the crest of the ridge of the Chor mountain above Barela. 
This is seen to be composed of quartz, felspar, and black mica (biotite). Some 
of the felspars are in large porphyritic crystals. The mica is embedded in the 
felspar and quartz, but it principally flows in streams round the felspar crystals 
and gives a gneissic aspect to the rock. 

M,—The quartz is in small grains with the meandering irregular outlines 
characteristic of the quartz of granite. It is also present in the form of micro- 
crystals. Orthoclase is abundant and the slice contains a large carlsbad twin. 
Plagioclase is plentiful, but it is very subordinate to the orthoclase. Biotite 
is abundant in large and in micro leaves. Muscovite is present, but sparsely so. 
Rounded garnets are numerous and one of them is embedded in biotite. 

A cluster of epidote grams occurs in a triclinic felspar, and a few other gral ns 
are scattered about in the slice. 

The felspar alluded to contains multitudes of microliths, some long and hair. 
like, others of somewhat stont build. Some of them apparently deposited mineral 
matter on cooling. Fig. 21 is an illustration of one of them. 

The quartz contains numerous liquid cavities with good-sized bubbles. I have 
not observed movement in any of them. Gas cavities are not uncommon, and en- 
closures containing a coloured liquid, or glass, with fixed bubbles, similar to those 
in the specimen from the top of the Chor, occur in this slice also. 

Nos. 61 and 62.—A felspathic schist from the vicinity of Barela. The speci- 
men was taken from a bed below the outcrop of the gneissose granite. 

M.—Under the microscope this specimen resembles a micro-gneiss, Grains, or 
eyes of felspar and quartz, are arranged in approximately parallel lines, the inter- 
vals between them being filled up with micro-grains of quartz and minute leaves 
of a brown-green mica. The felspar is principally orthoclase—a little of it is 
plagioclase. In one slice the felspar and quartz are eye-shaped, in the other 
they have fhe appearance of snb-angular and rounded grains. 

The mica is in minute leaves. No basal cleavage is anywhere to be seen, and 
im one slide it is only dichroic here and there, showing that the leaves are all turned 
ane way 50 28 to present axial sections. 

This is unquestionably a clastic rock, though whether it is a micro-gneias, 
properly speaking, or whether it is a somewhat altered sandstone, made up of gra- 
nitic or gneissic materials, is more difficult to determine. 
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The quartz is not at all hyaline, and I have detected no liquid cavities in it. 

No. 63.—From the Chor mountain near Télichog. This is a very dark speci- 
men owing to the abundance of black mica. The hand specimen contains rectan- 
gular porphyritic crystals of felspar, one of which is 2§ inches long by 1} inches 
wide. Two adjoining ones are twinned. In one or two places the quartz and bio- 
tite have formed streaky-looking combinations. 

M.—This generally resembles No. 60 from Barela. Orthoclase predominates 
over plagioclase, and felspar over quartz. Garnets are numerous, and epidote is 
more abundant than in No, 60. Both occur enclosed in biotite and also separately. 

Epidote is commonly found in syenite, and it is supposed to be the alteration 
product of hornblende. I have not as yet found any hornblende in these rocks. 

There are nests of colourless microliths, some of which may be apatite ; cracks, 
apparently due to shrinkage, are very common in them. Some few have deposited 
mineral matter on cooling, or have caught up such matter in the act of consoli- 
dation. 

Liquid cavities with movable bubbles are sparse. 


The outer band at Dalhousie. 


The following specimens were examined, namely :— 

Nos. 1, 2, 3, 4, 5, and 6, from the neighbourhood of Bagrér (Bagraur), from 
the vicinity of Banatu (trans-Ravi), and from the ascent between 
Sherpur (Sairpur) and Dalhousie. 

Nos. 7, 8, and 9, from the cart road near Dunhara (Daniara). 

Nos. 10, 11, and 12, from below Batri (Rampur of the map). 

Nos. 13 and 14 from Chufri (Chachar1). 

Viewed macroscopically,/Nos. 1 to 6 and 10 and 11 would be classed as streaky 
gneisses ; 7, 8, 9, and 12, as gneiss verging towards the granitoid type. 13 and 14 
are porphyritic gneisses, inclining towards granitoid gneiss. The porphyritic crys- 
tals are rectangular, and are oriented at varying angles to the line of pseudo- 
foliation. 

I now proceed to give an account of the structure of these specimens as exhibit- 
ed by thin slices under the microscope. 

All the specimens contain quartz. In some slices the quartz predominates over 
the felspar; in others the latter is in the ascendancy. On the whole, quartz is 
probably somewhat more abundant than felspar. 

Nearly all the quartz is in the form of fish roe grains, similar to that described 
in my paper on the gneissose-granite of Dalhousie. It meanders through the slice 
in strings, and fills cracks in felspar crystals. The grains are extremely minute 
and frequently show a tendency to hexagonal outlines. 

Orthoclase is present in all the slices, and microcline is observable in slices 
Nos. 8, 10, 12, 18, and 14; being plentiful in No. 12, but not abundant in the 
others. 

Plagioclase is absent in Nos. 2, 4, and 6; plentiful in No. 12, but sparse m 


Biotite is present in Nos. 7, 8, 9, 10, 11, 18, and 14, and a mica, dark green in 
transmitted light, that is probably biotite, is present in the rest 
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Muscovite is present in all the slices, and it occurs both in ita foliated form and 
as microliths. In No. 4, the latter are so abundant in some of the felspars as to 
nearly overpower the felspathic element and to give the felspars superficially a 
micro-felsitic aspect. 

Cryptocrystalline mica occurs in all the specimens, and is plentiful in some 
slices. Itis drawn out into strings, and meanders about in a stream-like course, in 
the manner described in my paper on the gneissose granite of Dalhousie. 

Magnetite, ferrite, and garnets, are to be found in all; whilst schorl is abun- 
dant in No. 12, but absent from the other slices. 

Liquid cavities with movable bubbles are present in all, except Nos. 
8,9, 10, and 11. They are of good size in Nos. 4 and 5, but are generally 
very minute in the remaining slices. They are very numerous in Nos. 4, 
5, 7, 12, and 14, but are somewhat sparse in the others. In No. 12 they are 
not only abundant in the quartz, but are almost equally so in the felspar and 
schorl: a large garnet is also full of them. The cavities and bubbles in the 
schorl and garnet are relatively much larger than those in the quartz and 
felspar, and would seem to indicate that the schorl and garnet crystallised at 
an earlier stage of consolidation of the rock than the felspar and quartz. In 
this slice, even a microlith of muscovite contains liquid cavities with movable 
bubbles. In No. 14 a microlith contains seven cavities with fixed bubbles, 
which appear to be liquid cavities. If these are glass cavities, they would afford 
a strong argument in favour of the igneous origin of the rock; but even on the 
supposition that they are liquid cavities, the presence of numerous liquid cavities 
crowded into a minute microlith indicates that, when the latter consolidated, the 
rock must have been in a fused or plastic condition, and the intermixture of 
super-heated water or steam with the mineral constituents of the rock most 
intimate. We have already seen that when the beryl of the Wangtu eruptive 
granite crystallised, the granite was in a similar condition. A sketch of this 
microlith (much enlarged) is given at fig. 20. It reminds one very much 
of the microlith figured at fig. 11, taken from Jangi granite. Air or gas enclo- 
sures are present in all the slices, and are sometimes abundant. 

I now proceed to note some points of special interest observed in the several 
slices. 

In No. 1, the twinning planes of the plagioclase are sometimes very much 
bent out of the perpendicular, showing that they were subjected to considerable 
strain between the time of their crystallisation and their attainment of perfect 
rigidity. A similar feature is observable in some of the other slices. 

At fig. 15 (a) I have given a sketch of a crumpled mica seen in slice No. 
7, which appears to have been doubled up after crystallisation, whilst the lamins 
were still pliant, in the manner described in my paper on the gneissose granite 
of Dalhousie (see fig. 4, plate II, of that paper). In that paper, I attributed the 
crumpling to traction. 

The mica is muscovite, (a) the substance in which it is embedded is a struc- 
tureless, whitish, opaque substance, analogous to leucoxene : (6), in the illustra- 
tion, is the termination of a long string of fish roe quartz. 

At fig. 14 I have given a sketch, taken from slice No. 1, in illustration of 
a peculiarity characteristic of these rocks; (a) is a narrow stream of leucoxenge, 
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or allied substance, white in reflected, but perfectly opaque in transmitted, light. 
The dark line (2) that runs along the lower border of the leucoxene is red ferrite : 
(c) is a train of magnetite, or ilmenite grains, in the stream of leucoxene: and. 
(d) is a garnet. The ferrite, it will be observed, does not come into contact with 
the grains of magnetite or ilmenite. I do not think that the leucoxene has been 
produced by the decomposition, in situ, of the iron grains, for several reasons. 
In the first place, the grains of magnetite do not show any trace of decomposition 
slong their edges, but are perfectly fresh throughout. Secondly, grains of mag- 
netite are to be seen in other places quite unconnected with the leucoxene ; whilst 
streams of the latter substance are common between which and the iron no direct 
connection can be traced. The ferrite, on the other hand, is often directly con- 
nected with magnetite. The explanation of the above facts appears to me to be 
as follows: when the plastic rock was at rest, the acid and aqueous vapours con- 
tained in it began to act on the iron, and lencoxene was formed by the action of 
the former on the ilmenite, and ferrite by the action of the latter on the magnetite. 
Motion succeeded to the temporary rest, and then the leucoxene and ferrite were, 
under the influence of traction, drawn out into strings in which the undissolved 
fragments of ilmenite and magnetite were frequently entangled. 

This explanation, of course, involves the supposition that the iron first crys- 
tallised and was afterwards acted on by the corroding action of acid vapours 
contained in the rock ; tut this suggestion will present no difficulty to those who 
have studied, under the microscope, such volcanic rocks as the dolerite of 
Auvergne, in which the corroding action of vapours on some of the minerals 
contained in the lava is frequently to be observed. 

Since writing the above lines, I have come across an interesting remark re- 
garding ferrite in Mr. J. J. Harris Teall’s Cheviot Andesites and Porphyrites (Geo- 
logical Magazine, Decade Il, Vol. X, p, 257). Indescribing a porphyrite showing 
‘* well-marked fluidal structure,” he remarks: “ The ferrite is especially abundant 
in fiuidal bands and stripes which curve round the larger crystals in a very 
characteristic manner. Vogelsang describes a similar distribution of ferrite in 
certain of the Hungarian quartz-trachytes.” 

The above fact that ferrite has been observed drawn out in “fluidal bands 
and stripes” in true lavas by competent observers, affords an important confirm- 
ation of the conclusion I independently arrived at regarding the origin and signi- 
ficance of the ferrite ‘‘ bands and stripes” in the rock under consideration. 

The felspars (orthoclase) in these slices sometimes contain intergrowths after 
the manner of perthite. In some cases the mineral intergrown with it is felspar, 
at other times quartz. ; 

Cracks in felgpars filled up with fish roe quartz are very common, whilst 
occasionally the latter appears to be the residuum, left in pools, so to speak, in the 
interior of felspars, after the separation of the alumina and the other consti- 
tuents of the felspar. 

At fig. 16 I have given a sketch, taken from slice No. 6, of what appears 
to have been & large felspar, cracked and aplit into pieces and then pushed 
over like books on a shelf by pressure and traction. At any rete the outlines 
certainly suggest this idea. The cracks are filled partly with fish roe quarts 
but principally by cryptocrystalline mica. The dark portion at “the "bottoms 
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consists of dark micaceous, imperfectly crystallised matter, running in ropy lines 
through the slice. The several pieces of felspar shown in the sketch are all in 
optical continuity with each other, and appear to be fragments of one crystal. 

At fig. 18 I have represented a minute stone cavity, found in slice No. 6, 
in which crystalline matter has been deposited on cooling. The upper mineral 
has a distinctly hexagonal form, whilst the lower mass seems to be an agglomera- 
tion of stony matter rather than one crystal. Forms such as these show distinctly 
that the mass in which they are found was reduced to a fused or plastic condi- 
tion by heat. 

At fig. 17 I huve depicted a cavity, seen in the same slice (No. 6), which 
contains a large air-bubble. The cavity was evidently once filled with air, to the 
expansive power of which the formation of the cavity is due, but the air contract- 
ed on cooling to its present size. The bubble, as will be seen in the sketch, seems 
to be a little too wide for the cavity; this appearance, however, is simply due 
to refraction, the empty portion of the cavity acting on the light passing through 
the mineral differently from the bubble of air. 

Fig. 19 is another illustration of the same kind taken from slice No. 12. 
The cavity is in a schorl crystal, and contains air or gas that has contracted on 
cooling. The bubble does not contain the central transparency usually seen in 
air bubbles, but it shines brilliantly in reflected light like an air or gas bubble. 

These cavities and contained air or gas bubbles—and they are by no means 
the only examples of the same kind contained in the slices under description— 
afford evidence to show that these rocks were subjected to sufficient heat to 
reduce them to a plastic condition. The bubbles on cooling appear to have 
contracted to about half their original size, from which I infer that the rock 
was raised to a high temperature. The fact that the cavities themselves are not 
circular, is explained by the fact that their shape is controlled by extraneous forces, 
and among others the crystallographic energy of the molecules of the mineral 
in which the cavity is formed, air or gas caught up by a mineral in the act of 
crystallisation would expand, not equally in all directions, but along the lines 
of least resistance which would usually coincide with the cleavage planes of the 
crystallising mineral. 

Conclusion.—The rock specimens described in this paper come from an 
extended area. The first is that of granite intrusive in mica schists above 
Darwis, in the Pangi valley of Chamba; the next is granite intrusive in the 
schists at Leo, on ,the Spiti river. Other specimens are from the cliffs above 
Jaéngi, in Basséhir, on the Upper Sutlej, and from dykes at and near Rarang 
and Pangi, in Basséhir.! 

There can be no doubt whatever of the eruptive character of these granites, 
for they are seen in the field to cut across the schists, and in some cases to 
penetrate them in all directions. I thought, therefore, that they would be good 
rocks to compare with the gneissose granites of neighbouring regions. 

Following the line of the Sutlej river, I collected my other specimens at 
Wangtu, at Chora, at the Kot peak and the Bayi road, at Bali, and at the Hattu 
mountain above Nékanda, in the neighbourhood of Simla. I then passed to the 


1 Chamba Péngi is on the River Ravi; Basséhir Péngi is on the Sutlej. 
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Chor, a prominent mountain abutting on the plains ; and, finally, 1 came to the 
outer band of gneissose granite at Dalhousie. 

The granite from the dyke that bursts across the schists above Darwas 
(slice 1) is interesting, from the fact that, when viewed macroscopically, it 
exhibits some slight traces of incipient parallelism of structure due to traction. 
It possesses no other structural peculiarity worth noting. The latter fact, I 
may remark in passing, shows that when examining a single slice of a granitic 
rock under the microscope, with a view to determining whether it is of eruptive 
or metamorphic origin, mere negative evidence is not of much value. 

The Leo granite has several points worthy of consideration. Nearly all the 
quartz in it is of polysynthetic structure, similar to the fish roe quartz of the 
Dalhousie gneissose granite ; and this shows that the conclusion which I arrived 
at in respect of the latter—namely, that the fish roe grains do not indicate a 
clastic origin '—was sound. 

Another point to be noted is that liquid cavities with movable bubbles are not 
very abundant in the Leo granite. Liquid cavities may be abundant in some 
parts of a granite and not in others; their sparseness, or even absence in a single 
slice, therefore, is of little importance in determining the igneous or metamorphic 
origin of a rock.? 

Evidences of strain are seen in the Leo granite in the curvature of the 
twinning planes and the cracking of felspar crystals. 

The muscovite of this granite polarises in delicate colours, but with extreme 
brilliancy, precisely as it does in the gneissose granites; the dullness of the 
muscovite of the Durwds and Pangi specimens, under the polariscope, does not 
therefore indicate any structural or varietal difference dependent on their mode 
of origin. Both the Leo and Darwas specimens are from dykes intrusive in 


schists. 
In No. 3, garnets and schorl are drawn out into strings—an indication, I think, 


of traction. 

The biotite in such rocks as the Jangi granite (Nos. 5-12) may be usefully 
compared with the dark mica in such rocks as the gneiss of Hattu (Nos. 51—53) 
and of Barela (Nos. 61 and 62). In the former, the basal cleavage of the mica is 
well developed, the folia are oriented in all directions, and the biotite em. 
braces garnets or other minerals. In the gneiss alluded to, on the other hand, 
the dark mica is in minute scales which do not exhibit any basal cleavage; 
moreover, when slices of the gneiss are revolved over the analyser, the mica 
either fails to exhibit dichroism at all, owing to all the leaves being axial 
sections, or extinction takes place simultaneously in the whole, or in the majority 
of the leaves ; an indication in both cases that the scales of mica are all in the 
same plane,—a fact that poimts to a metamorphic or clastic rather than to an 
igneous origin. 

1 Records, Vol. XVI, p. 180. 

3 To prevent any misapprehension of my meaning I may add that though the abundance of 
liquid cavities with movable bubbles is very characteristic of a plutonic eruptive rock—see 


remarks anfe on the Wangta beryl—liquid cavities are also to be fqund in some metamorphic 
rocks, as will be shown in my next paper. 
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‘Stone enclosures,” which contain endo-minerals, gas, and lacune with 
fixed bubbles in them (figs. 11—13), are to be seen in the Jaéngi granite. 

These stone enclosures afford good evidence of the rock which contains them 
having been subjected to great heat and of having been reduced to a more or less 
finid or plastic condition; and they are useful for comparison with similar bodies 
formed in the gneissose granite. 

In the granite from the dyke that bursts through stratified rock at Rarang, 
a parallelism in the arrangements of the biotite resembling incipient foliation is 
to a limited extent observable on a macroscopic inspection. 

In the Pangi granites liquid cavities are very numerous, and the bubbles are 
of large size relative to the area of the enclosures containing them. This indi- 
cates that the rock was subjected to great heat and pressure; whilst the perfectly 
crystalline condition of these rocks shows that they were in a fused or fluid 
condition and cooled slowly. 

A little microcline is present in the Pangi granite (14) and it is abundant in 
the Wangtu granite (20, 21). 

I now pass from granites proper to the gneissose granites, or whet used to be 
called the granitoid gneisses of the Sutlej valley. 

In mineral composition these rocks do not materially differ from those of tho 
granite group above alluded to. Both classes contain quartz, orthoclase, plagio- 
clase, microcline, biotite, muscovite, schorl, garnets, and magnetite. 

With the exception of beryl and kyanite in the neighbourhood of Wangtu, 
and epidote and chlorite in some of the Chor specimens, I have not found any 
other minerals in the samples examined. 

In the gneissose-granite of Chora stone cavities or crystals, containing endo- 
crystals and enclosures (figs. 5—8) of the same class as those found in the 
granites proper (figures 9—13) were found. In fig. 11 (Jangi granite) the 
microlith is severed by a crack, apparently the result of shrinkage. In fig. 5 
(gneissose granite) the microlith is cracked in two places and dislocation has 
resulted owing probably to a tremulous movement passing through the viscid 
matrix, 

The gneissose granite of the Chor mountain contains a good-sized prism of 
quartz, with pyramidal terminations caught up in a large piece of felsp&r. This 
seems to indicate a more or less fluid stage in which the quartz prism had time 
to form free from any excessive pressure from the surrounding felspar. 

Stone cavities, similar to those found in the granites, which have deposited 
endo-crystals, or mineral matter, occur in the Chor rocks, and illustrations of 
these bodies are given at figs. 1-4 and 21. 

These rocks also contain coloured liquid or stony enclosures with fixed 
bubbles, and microliths that have cracked, apparently from shrinkage on cooling. 

I think the rocks which I have classed, in the above pages, as gneissose 
granites, afford under the microscope the same kind of evidence, and as good 
evidence, of having passed through a stage of aqueo-tgneous fusion as the 
undoubtedly intrusive granites. 

The further fact that they have been in motion has been established for the 
exactly similar rocks of the Dalhousie area; and I hope in a subsequent paper 
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to give further and very convincing proof of the eruptive character of the 
latter. 

If the Dalhousie rock is granite, I do not think this style and title can be 
denied to the rocks which I have classed in this papgr as gneissose granites. 

I must not be understood, however, to deny that in the North-West Himalayas 
we have to deal not only with granite and gneissose granite, but also with true 
gneiss. The rock found on flank and summit of Hattu looks like a very typical 
gneiss, and the examination of thin slices under the microscope supports the 
view that this is its true character. 

I now pass on to consider the outer band of gneiss at Dalhousie. Viewed 
macroscopically, this is a streaky foliated’ rock of schistose aspect, to which no 
one from a superficial study of it in the field, or from the examination of hand 
specimens, would think of assigning an igneous or eruptive origin. 

The question to be determined is whether these appearances are delusive, and 
the foliation is a pseudo-foliation due to traction, and the squeezing of a viscid 
rock between beds of hard strata, or between the walls of a fault, or whether the 
rock is a true gneiss. 

In mineralogical character these rocks do not differ from the gneissose 
granite of Dalhousie. Like the latter, the outer band is composed of quartz, 
orthoclase, microcline, plagioclase, biotite, muscovite, cryptocrystalline mica, 
magnetite, ferrite, garnet, and schorl. 

Liquid cavities with movable bubbles, on the whole, are about as numerous 
as in the gneissose granite. 

Felspar is present in abundance in the outer band, but on the whole quartz 
probably predominates over it in amount. Monoclinic felspar largely predomi- 
nates over triclinic felspar. 

As in the gneissose granites of Dalhousie, the Sutlej, and the Chor, muscovite 
microliths are so abundant in some of the felspars as to nearly overpower the 
felspathic element. 

Not only dv crystals of schorl and garnet contain liquid cavities with movable 
bubbles, but even microliths enclose them, The presence of such cavities in these 
minerals, and in microliths, shows that the rock must have passed through a 
fused or plastic stage during which super-heated water must have been intimately 
mixed with the mineral forming substances in a state of flux. Fig. 20 is a sketch 
of one of the microliths alluded to, and it is of precisely the same character as 
that represented at fig. 11, by its side, taken from the J&ngi granite. 

Conditions of strain are indicated by the twinning planes of plagioclase 
being bent out of the perpendicular; whilst another felspar (fig. 16) has appa- 
rently heen cracked and the resulting pieces pushed over like books on a shelf. 
Re a —- cs . occurs in one of the slices, which will bear compari. 
(Records, Vol. XVI, p. 193), and doubtlow the Caplacetion when, oe nev easis 
applies to this one explanation given of the latter 

Strings of a white substance resembling leucoxene, and of red ferrite, which 
have resulted from the decomposition of magnetite, iimenite, or other frop-h=-—~— 

» Gre common in these slices ; and at fig. 14 I aye given a sketch of 2 
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train of magnetite or ilmenite fragments entangled in a stream of leucoxene, and 
I have given my reasons in the preceding pages for believing that the leucoxeno 
was not derived from the decomposition of the magnetite or ilmenite tn situ. 

At fig. 18 a “stone cavity”? which has deposited crystalline matter on cooling, 
taken from slice No. 6, is represented, which will bear comparison with similar 
bodies found in the Aden lavas, and represented at figs. 4, 5, and 6 of the plate 
which illustrates my paper on those rocks. (Records, Vol. XV., p. 159.) 

At figs. 17 and 19 (the latter is enclosed in a schorl crystal), I have sketched 
cavities containing air or gas bubbles, which have contracted subsequent to the 
consolidation of the rock, and now imperfectly fill the cavitics which doubtless 
they once fully occupied, when expanded under the influence of heat. 

The facts stated above appear to me to prove that the rock under examination 
was subjected to great heat ; that it passed through a stage of aqueo-igneous fusion, 
and that before its complete solidification it was subjected to great strain and 
pressure. 

If the inferences I have drawn from the train of magnetite or ilmenite frag- 
ments in the train of leucoxene, and from the presence of a crumpled mica, are 
sound, it also follows that the rock, or portions of it, were in motion. 

The mere fact that the rock, or a portion of it, was in motion does not, of 
course, prove its eruptive character. Great pressure, excrted on sedimentary or 
metamorphic rocks, may result in motion ; as, for instance, the cases in which lime. 
stones under the influence of great pressure imitate eruptive rocks and become 
intrusive in others. But in the case of the Dalhousie “ outer band” the whole 
rock has evidently been in a condition of igneo-aqueous fusion, and evidence of 
motion in such a rock acquires additional importance. 

If we take all these facts into consideration, together with the further fact 
that in mineralogical composition the rock under consideration is identical with 
that of the neighbouring gneissose granite, which has been shown to be an erup- 
tive rock, may we not fairly conclude that both rocks have the same origin, and 
that the structural difference between them, which is one of degree only, is due to 
the outer band having been intruded as a sheet between hard strata, or forced 
between the walls of afault in a viscid or partially consolidated condition, and sub- 
jected to great pressure and squeezing at right angles to the direction of the 
flow? I think myself this is a reasonable inference to draw from the evi- 
dence. 

It is clear, as shown in the preceding pages, that the “ outer band ”’ has passed 
through a stage of aqueo-igneous fusion. On the other hand, I do not think that 
great heat is required to explain the metamorphism of the schists in contact with 
the “ outer band ” along its northern boundary—the passage of moderately-heated, 
water through slates seems to be all that is necessary to account for the produc- 
tion of micas of the class to which those in these schists belong. 

In a recent tour, the results of which I hope to publish in a future paper, I 
found highly micaceous slates, that might be classed fairly as mica schists, inter- 
calated between perfectly unaltered dark-blue carbo-triassic limestones—a circum- 
stance by no means puzzling when we know that certain micas—all the hydro- 
micas probably—can be produced through the agency of moderately-heated water. 
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On the whole, then, I think there are good grounds for assigning a different 
origin for the “ outer band ” and for the schistose rocks in contact with it. 

The conclusion at which I have arrived, on a consideration of all the facta of 
the case, is that the invasion of previously metamorphosed strata by gneissose 
granite, combined with the pseudo-foliation of the latter due to the pressure of 
hard strata on a partially cooled and imperfectly viscid rock, has imparted to the 
intruded rock the superficial appearance of being a member of the same metamor- 
phic series as the schists and slates into which it has intruded. 

There is no inconsistency, I would point out in conclusion, in supposing that 
the rock which gives evidence of having passed through a stage of aqueo-igneous 
fusion was partially cooled and semi-viscid where actually intruded into the 
schists. Observation in our own time shows that there are pauses and long inter- 
vals in volcanic action; and doubtless similar pauses took place in plutonic 
action during which the cooling and partial consolidation of igneous masses went 
on and the large porphyritic crystals found in many of them were formed. The 
subsequent motion of a partially consolidated viscid rock and its intrusion as a 
sheet between hard strata, or between the walls of a fault, would, it seems to me, 
naturally produce a parallelism of structure, or pseudo-foliation, as long ago 
pointed out by Scrope and Naumann.’ : 

The ‘outer band” of Dalhousie seems, in some respects, to be analogous to 
granulite (leptynite), a foliated rock associated with gneiss and other crystalline 
rocks in Saxony, Bohemia, and Moravia, which is classed as eruptive by Naumann, 
M. M. Fouqué and Michel Lévy, and other petrographers.? 

The mica of granulite appears to be at times disposed “in scaly seams entirely 
dividing the rock,” a marked characteristic of the “ outer band” of the Dalhousie 


gneissose granite. 


DESCRIPTION OF THE PLATE. 


Fig. 1.—Stone cavity, or microlith, in the gneissose granite of the Chor, which 
has deposited crystals on cooling. Taken from slices 59—64, 

Figs. 2, 3, and 4.—Opacite, probably magnetite, deposited in cavities. Chor 
gneissose granite. Slices 59—64. 

Figs. 5, 6, 7, and 8.—Illustrations of stone enclosures, in which mineral bodies, 
enclosed in the gneissose granite of Chora, have either deposited minute crystals 
on cooling, or have, in the process of their own crystallisation, caught up pre- 
viously formed microliths. Slices 22—25. 

Fig. 9.—Dendritic combinations of muscovi icroli i ) grani 
Wangtn, Sutlej valley. Slices 16—19, 7 one a 

Figs. 10, 11, 12, and 18.—Stone cavities containing crystals and internal cavi- 
ties with contraction bubbles. Granite, Jéngi, Sutlej valley. Slices Nos. §—12, 


* See Scrope, Q. J. G. 8., Vol, XII, p. 846, And his work on Volcanoes 03, 144-203 
a 9 : e 1 4 
Naumann “n the probable eruptive origin of several kinds of gneiss and ee 
G.8. Vol. IV. Translations and Notices of Geological Memoirs, p, 2, a" On. 
* Geikie’s Text-Book of Geology, p. 124. Cotta’s Rocks ol ified and described 
: : ‘ ff ig : Beer 231 
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Fig. 14.—Strings of red ferrite and a white substance resembling leucoxene 
in which fragments of magnetite or ilmenite are entangled. Outer band of 
gneissose granite, Dalhousie. Slice No. 1. 

Fig. 15—Crumpled mica. Outer band, Dalhousie. Slice No, 7. 

Fig. 16.—A large felspar, cracked, split into pieces and pushed over as books 
on a shelf, Outer band. Shice No. 6. 

Figs. 17 and 19.—Cavities containing air, or gas, that has contracted on cool- 
ing. Outer band, Dalhousie. Slices 6 and 12. 

Fig. 18.—Stone cavity in which mineral matter has been deposited on cooling. 
Outer band, Dalhousie. Slice No. 6. : 

Fig. 20.—Microlith containing lacune with fixed bubbles. Outer band, 
Dalhousie. Slice No. 14. 

Fig. 21.—Microlith that has deposited mineral matter on cooling. Gneissose 
granite, Chor. Slice No. 65. 


Report on the Choi Coal Exploration,’ by G. F. Scott, M.E. (With a map.) 


In this report I purpose to take each place separately and treat of its coal 
prospects. 

The coal here lies at the base of the hills; it had been worked previous to my 

No. 1. arrival by means of headings driven in the hill-side and 

Choi, marked A on pits; there is hardly any coal left, nearly all having been 
plan. worked. 

A boring marked B on plan was put down to the depth of 80’ by Mr. 
Craythorne, but without success; it is evident that no regular seam of coal occurs, 
the quantity previously extracted lying in pockets. The strata are very contorted, 
aod I question much, if coal were found, whether it would pay the cost of labour. 
Near the village, and along the Chablowala nuddy indications in the shape of 
black earth, and shale appear, but nothing substantial enough to guarantee a 
trial. 

Leaving Choi and proceeding eastwards, the outcrop is seen on the side of 

No. 2. the main road, and also down the hill, further east, I put 
Between Choi and down a boring marked C on the plan. On reaching lime- 
aes marked C on tone, I stopped the boring and commenced si nking to 
— the black shale met with at the depth of 32’ 4’. From 
here a heading was driven in the direction of the dip of the coal (which is almost 
perpendicular), but when it had been driven 8 yards the coaly shale thinned out ; 
another heading was driven, but that also for the same reason was abandoned. 
No actual seam was met with, the black shale that was followed had small parti- 


1 The exploration described in this report was suggested and carried out by the Department of 
Public Works. In order that so searching a trial of the ground may not be lost sight of, the account 
of it is appropriately pnblished in these Records. The locality is in the Chita range, ten miles 
south of Attock. A general description of the ground sy Mr. Wynne was published in 1877, Records, 
Vol. X, p. 107. The pueudo-coal-measures are those near the base of the nunimulitic series which 
have so often raised sanguine expectations of coal in the North-West Punjab.—H. B. M. 
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cles of bright coal] in it, but this, as was observed above, gradually thinned ont to 
nothing. It is evident, therefore, that here and in the immediate neighbourhood 
where more indications are to be seen, there is not the slightest hope of any 
workable coal being found. 
Indications of coal crop out here and there along the foot of the hills, until 
No. 8. the place marked D on plan is reached. Here coal has been 
Boring at Mungi, extracted by means of headings and pits; the letter are 
marked D on plan. mostly full of water, so that the galleries underneath can- 
not be inspected ; ; it is evident, however, from the headings that there is very little 
coal remaining. 
I put down a boring to the north of the previous workings ; after a , depth of 
11’ 4” limestone was reached ; the boring was continued in this strata to the depth 
of 57’; the progress being slow, and there not being the slightest chance of striking 
coal, it was abandoned. 
There is nothing here to tempt another trial, the quantity of coal that may be 
left being very small. 
The outcrop continues almost in a straight line to the east. To test the strata 
a boring was put down at the place marked E on plan. 


No. 4. : : : 
Boring aa of Mungi, It will be seen, on referring to the account of the boring, 
marked E on plan. that up to date no seam has been struck, although a depth 


of 100 feet has been reached. The boring is atill proceeding, but I am afraid it 
will meet with no success. 
Leaving the hills, I thought, in order to thoroughly test the locality, that a 
No. 5. couple of deep borings should be put down in the plain 
Boring near Haro, Where it is evident the strata le more horizontally. <Ac- 
maked F on plan. cordingly, a boring was started at the place marked F on 
plan. After meeting with great difficulties the strata have been bored through 
nearly to the depth of 200 feet, and by referring to the account, there does not 
seem much likelihood of meeting with success. The boring is now in stiff blue 
clay, and probably limestone will be met underneath ; should this occur it will be 
useless to proceed further. 
A boring was commenced here intended to be as deep as the other, but at the 
ig: depth of 55 feet an unexpected bed of sand and pebbles 
Boring at Dheri Khot, was encountered. All the boring pipes being required 
marked G on plan. near the Haro, it was abandoned. Should, however, the 
present boring prove successful, it will be easy enough to start this one. 
Traces of coal having been discovered between Choi and Bagh Nilab, I 
‘ga thought it would be as well to put down a trial pit. On 
West of Choi, not the 14th April it was commenced, and ai the depth of 
marked on map. 15 feet a heading was driven at an inclination of 1 in 8. 
Up to date, nothing substantial has been found, although black shale bands occur 
with particles of bright coal in them. Ido not think it probable that a seam — 
lies here, but very likely a small quantity of coal, similar in nature to that at Choi, 
may be extracted. 
Between here and Bagh Nilab no indication of coal is found; at the latter 
place there are slight traces, but nothing sufficient to guarantee a trial. 
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Summary. 


From what I have seen of this district, and from the several borings, the con- 
clusion I have come to is, that the prospects of finding any sufficient quantity of 
workable coal either at Choi, Mungi, or the country lying to the west and east 
respectively, is very slight. 

he coal itself is of a poor quality and resembles black shale more than any- 
thing else ; it seems to be a good gas producer, and that is all that can be said in 
its favour. 

The only chance of making this exploration a success has been tried,—that is, 
boring in the plain; had coal been struck, the seam would have lain at a more 
convenient angle, and there is no doubt but that there would have been a vast 
quantity of coal to work. 

It is very evident that no seam lies in the hills, and, with the ex eption of Choi 
and Mungi, no coal has been worked, although trials have been made in various 
localities ; it is almost conclusive, therefore, that the coal lies in pockets, and to 
work this seems to me to be far too speculative. 


From J. T. O’Cattaauan, Esq., Engineer-in-Chicf, Punjab Northern State Railway, 
Northern Section, ta the Director General of Railways,— No. 1335, dated 17th 
May 1883. 


I have the honour to forward herewith a report with plans on the search for 
coals in the Kala Chitta range of hills south of Attock carried out under the 
instructions conveyed in your No. 622 C of 16th November 1882. 

Mr. Scott’s report confirms the opinion I had already given in my No. 4074 
of 22nd October 1880, to your address, and also the published opinion of the 
officers of the Geological Department. 

While Mr. Scott was carrying out his exploration, I visited the district and 
went with him over most of the places where any indications of coaly matter 
appeared. The Kala Chitta range of hills consists almost altogether of grey 
nummulitic limestone, the beds of which are much contorted and are traversed 
Wy many faults. Near Choi the beds are tilted nearly vertical, and between two 
of the beds is a bed of brownish shale from 4U to 50 feet in thickness. This 
shale bed is traceable for some miles in an easterly direction from Choi, and at 
intervals in it pockets of black coaly shale are found. The pockets are lenticular 
in form and of no great extent in any direction, and when excavated have always 
died out within 40 or 50 feet of the surface of the ground. The so-called coal 
when: excavated has also proved to be of little value asa fuel. It was of service 
in burning lime and keeping down the price of wood at a time when all prices 
had a tendency to undue inflation. But the attempts to make it into patent fuel 
fit for locomotive purpose has been a complete failure, the heat given out being 
much inferior to that obtained from an equal quantity of wood fuel. 

. mn my opinion, any hope of procuring coal in the Kala Chitta range may be 
abandoned now and for ever. Had there been any appearance of a continuous 
seam of even the coaly shale found, deeper workings in it might have shown a 
better quality to exist below, but there is no continuity or regularity in the 
recurrence of these pockets, and the fine vertical section of the whole range of 
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hills which is made visible in the channel cut by the River Indus, shows that the 
great disturbance of the whole formation of these hills must preclude all hopes of 
horizontal beds of any kinds being found—see also opinion of Superintendent, 
Geological Survey, expressed in his letter No. 255, dated 29th September 
1880. 

What grounds Mr. Johnson had for the statement made in his No. 2845 of 
12th August 1882, to the Secretary to Government, Punjab, paragraph 5, that 
“the pocket theory was found to be erroneous, the so-called ‘ pockets ’ connected 
with each other and develope into seams, while the coal improves immensely in 
quality as the depth of the pits increased,” I am ata loss to imagine. In no 
case has any pocket been found to extend into a seam, and without exception they 
have worked out in every direction in which they have been tried ; and when last 
at Choi Mr. Johnson was unable to point out any continuous seam or to give any 
data on which his very sanguine report could have been founded. I can only 
infer that Mr. Johnson based his report on information received from a man 
named Craythorne, the practical miner referred to in paragraph 6 of his report. 
This man was originally a soldier in the 44th Regiment, and was taken from the 
regiment to work inthe Warora Mines in 1874 or 1875, which situation he left 
and wandered up-country in search of work. His employment by the Executive 
Engineer was allowed, to assist in procuring fuel, and it was of course to his 
interest to make favourable reports in order that his employment might be con- 
tinued. He absconded from Choi a short time before Mr. Scott's appointment. 

The boring marked F is still continued and sandstone under the blue clay is 
reported, but this is probably only one of the thin beds of sandstone everywhere 
seen in the recent deposits through which the Haro river has cut its way. The 
ultimate results of this boring will be reported, but it does not seem necessary to 
delay this report for it. 

In conclusion, I beg to say that Mr. Scott has taken much pains with the 
work on which he was employed, and I trust that he will be more successful in 
the Salt-range, where I understand the manager of the line is about to employ 
him. He has been given the usual month’s notice that his services will not be 
required further at Choi, and the tools, &c., used by him will be stored at Pindi 
until required elsewhere. 


From J. T. O’CartacHan, Eaq., Engineer-in-Chief, Northern Section, Punjab North- 
ern State Railway, to the Director General of Ratlways,—No. 1851, dated 19th 
June 1883, 


In continuation of my No. 1335, dated 17th May 1883, I have now the honour. 
to forward Mr. G. Scott's supplementary report on the bore-hole put down near 
the Haro river at the point marked F on the plan already forwarded. 

I omitted to mention that the bore-hole was put down in the bed of the river 
about 70 feet below the average surface of the ground, and therefore represents a 
hole of a depth of about 320 feet. 

The record shows that nothing but allavial deposita have been passed through ; 


and go further to confirm the views I have aiepys. ~ Se og 
district, RETA SERIO regarding this 
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Supplement to report on the Choi Coal Exploration. 


In this supplement, I purpose to givea further account of the deep boring 
near the River Haro, mentioned in No. 5 paragraph of my former report. On 
referring to that, it will be seen that the boring had nearly reached the depth of 
200 feet, and my supposition was that a bed of limestone was close at hand. It 
was then thought that it would be advisable to discontinue the work, but after 
further discussion it was decided to go on, and see what the nature of the stone 
was. 
Accordingly, after clearing the boring, it was re-started on the 19th May, and 
at the depth of 201' 6” sandstone was reached ; the rock proved, however, to be only 
4” thick, and below, beds of loam, sand, and dark yellow clay were met. Ata 
depth of 233’ 11” sandstone with a total thickness of 8’ 3” was bored through, and 
then again a bed composed of a mixture of loam and sand was found. 

Finally, on the 7th June the boring was abandoned, the depth then reached 
being 252’ 6” and the strata sandstone. 

From the above short account, and from a study of the boring sheet noting 
the various strata pierced, the conclusion arrived at is, that even at the depth of 
250 feet the boring had not gone below the silt and sediment deposited by the 
river : how far this deposit extends is a matter of conjecture, but, in my opinion, it 
would be some time before it could be bored through, and then no advantage 
would accrue, as it is highly probable limestone would be the strata met with. 

The boring itself was put down in a ravine close to the Haro, and only 8 feet 
above low-water level. The cliffs which border one side of the river are 70 feet 
high, so that it will be seen that at the termination the boring was really 320 feet 
below the actual surface. 

To have continued would have been a mere waste of time and money, as I have 
not the slightest hesitation in saying that a further search would prove utterly 
useless. 

In my opinion, everything has been done with a view of finding a profitable 
seam of coal; the borings and trial pits have been put down in the most advan- 
tageous places, but without the success I confidently expected from the surface 
indications. 

Section of Boring on the Haro River. 


Depths. Strata. Depths, Strata, 
21’ O” Soil and pebbles. 194’ 5” Loam and sand. 
87° 0” Yellow clay. 201’ 6” 4” sandstone. 
70’ 0” 2'0" sandstone. 204’ 9” Loam and sandstone. 
83’ 6” Yellow clay. 211’ 2” Loam and sand. 
94° 10" 2 6” sandstone. 217 &” Dark yellow clay, 
108 0” Yellow clay. 233’ 11” Soft sandstone, 
115° 0” Running sand. 242’ 0” ‘Loam and sand, 
131 4” Yellow clay. 249’ 3” Sandstone. 
144’ 2” ~~ Blue clay. 252’ 6” oes 
ass’ 9” Dark blue clay. 


Norsz.—If Mr. Scott’s figures can be trusted, of which I regret to hear there is some doubt, 
the boring on the Haro would be of considerable geological interest, as proving that this great 
apread of alluvium, the principal ares of which is known as the Peshawar valley, lies in a deep rock 
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basin. It has indeed become a safe general inference, that areas of deposition are thereby areas 
of depression ; still new facts in evidence are not superfiuous. The surface level at the boring is 
only about 25 feet above that of the Indus,-twelve miles to the west, where it turns at a right 


angle into its gorge through the Chita range. 
The expectation to find the coal flat and abundant under the alluvium in a region of extreme 


contortion as exhibited in the surrounding hills, is a speculation that could only occur to the 
“practical man.”—H. B. M. 


On the re-discovery of certain localities for fossils in the Siwalik beds, by R. D. 
O.tpHaM, A.R.S.M., Geologicul Survey of India. (With a map.) 


Having recently had the good fortune to re-discover the long-lost fossil locality 
described by Sir Proby Cautley at the base of the section in the Siwalik hills, it 
has been considered desirable to put on record a detailed description of the locality. 

For this discovery I am mainly indebted to Mr. A. Smythies, Deputy Conser- 
vator of Forests, who, when deputed a short while ago to enquire into the question 
of the effect which the clearing of the forests from the slopes of the Siwaliks has 
had on the floods that annually enter and cross the Eastern Jumna Canal, made 
careful enquiries of the survivors of those who were employed on its construction 
as to the locality from which the fossils had been obtained; the result of his 
enquiries was that they had beeu discovered during the excavations carried on in 
connection with the works in the Kalawala Rao. These, which are shown in the 
annexed sketch plan, consist of the principal bund, A, which was designed to 
throw the waters of the stream into a channel which does not enter the canal, and 
a small spur, B, higher up stream, intended to guide the current against the prin- 
cipal dam. On visiting the spot we found at the head of both the principal dam 
and the spur a very peculiar rock, a conglomerate with a calcareous sandy matrix 
full of fragments of clay and decomposed slate with hardly a particle of harder 
rock ; such might very properly be called a “ clay conglomerate,” but “ clay marl ’’ 
must be acknowledged to be a misleading name; still gravelly clays are sometimes 
improperly called marls, and the name might be applied by an engineer who did 
not profess to be a geologist. Through this rock are scattered, though not 
abundantly, small fragments of bone, always broken, water-worn, and disjointed, 
and without exception converted into oxide of iron (hematite). As described by 
Sir Proby Cautley, reptilian teeth were not uncommon; besides these we found 
a mammalian molar imbedded in a portion of the ramus, a piece of the thigh 
bone of a small animal about the size of a sheep, a piece of a rib of some large 
animal, and portion of the carapace of a tortoise. 

As regurds its position in the section, the bed is exposed in the Kalawala Rao 
on the southern side of the anticlinal fully 1,000 feet above the lowest beds seen ; 
here there are two distinct beds, but in the valleys to the west three or more are 
occasionally seen, The same or similar beds are well seen in the Kotri and Kusum- 
ri Raos, but I was unable to detect them in the Badshai Rao (Timli pass), while 
to the eastwards I doubt not it would be found if searched for, as I have seen a 
very similar bed in the Dholkund Rao, but at the time expecting to find the 
fossils in a clay bed I did not search it. 
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SOUTH ENTRANCE OF THE KALAWALA PASS, SIWALIK HILLS. 
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This has an important bearing on the discovery of similar fossils on the 
northern face of the Nahan hill ;! it is of course possible that the lower beds of 
the Siwalik range are of the same age as those of which the Nahan hill is formed, 
but taking into consideration their very different mineralogical facies and the 
fact that they being situated ata greater distance from the Himalayas are far more 
exclusively composed of sand and pass up into coarse conglomerates, it can hardly 
be called probable, and it is far more likely that the Nahan fossils were either of an 
entirely different age or that they were obtained from an outlier of the middle 
Siwaliks, as has been suggested by Mr. Medlicott (Mem. Geol. Surv. India, ITI, 
105), and again by Mr. Theobald (Rec. Geol. Surv. India, XIV, 71). 


On some of the Mineral Resources of the Andaman Islands in the neighbourhood of 
Port Blair, dy F. R. Matiet, Deputy Superintendent, Geological Surrey of 
India. 


Towards the end of last year specimens of various minerals, which had 
been discovered in the neighbourhood of Port Blair by Mr. M. V. Portman, 
Assistant Superintendent, were sent to the Geological Survey Office for examina- 
tion. Amongst them were found ores of chromium, copper, iron, and sulphur. 
Later on Mr. Portman himself visited Calcutta, bringing with him further samples. 
Judging from these, and from the account given by Mr. Portman of the ores as found 
an situ, the indications seemed to be sufficiently promising to make an examina- 
tion of the ground advisable. I was accordingly directed to proceed to Port 
Blair and carry out such investigation. 

Although it may be assumed with some degree of probability that the geolo- 

Geological character of  § ical structure of the Andamans is of very much the same 
the country near Port character throughout, the only portion of the islands 
aca concerning which we possess any certain knowledge, from 
direct observation, is that comparatively near Port Blair. Messrs. Kurz? and 
Ball® have shown that the strata are mainly sandstone and shale, which have 
been much altered in places through the intrusion of eruptive rocks. 

From Mount Harriet, one of the culminating points of a ridge to the north of 
the station, and about 1,200 feet above the sea, a wide bird’s-eye view can be 
obtained, which gives a good general idea of the orography, and indeed of the 
geology too, of the surrounding country. The island for many miles to the 
north of the harbour and Port Mouat is traversed by a number of parallel ridges, 
running @ little east of north, which, like the Mount Harriet ridge itself, are 
probably formed, in the main, of sandstone and shale, with rather a high dip in 
most places. The sandstone is generally fine-grained, of yellowish-white, grey, 
or greenish tints. Nests of lignite have been found in it here and there. 
Occasionally it includes subordinate layers of conglomerate, composed of small, 
well-rolled, mostly quartzose pebbles. More or less calcareous beds are also found 


1 Vide Mem. Geol. Surv. India, IIT, pp. 15-16. Rec. Geol. Surv. India, XIV, 71, note. 
3 Report on the vegetation of the Andaman Islands, p. 2. 


3 J. A. 8S. B., 1870, Vol. XXXIX, Pt. 2, p. 231. 
Ly 
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amongst the sandstones, but I am only aware of one band of pure limestone.’ 
Between some of the ridges, at least, there are level bottoms of alluvial land. 
Although this part of the island would seem to be composed very largely of 
sedimentary strata, eruptive rocks are by no means absent, serpentine, &c., having 
been met with in several places. The structure of the hills to the south of the 
harbour appears to be less régular, and this irregularity would seem to be due 
to the greater development of eruptive rocks there. Of these the most important 
is serpentine, which occurs both in large masses and in dykes. The north-east 
part of Rutland island is mainly formed of it, the rock being dark green and often 
spangled with small crystals of bronzite. Seams of white (triclinic?) felspar, a 
few inches thick, traverse it here and there, but are notcommon, There are 
also occasional thin seams of cellular quartz, containing some earthy oxide of 
iron, or of manganese, in the cavities. Small layers of brown opal have been 
met with in the same connection. These seams occur between joints in 
the serpentine: the jointing is often strongly marked, and, when highly 
developed in one direction only, gives the rock somewhat the appearance of 
bedding. Serpentine is also largely developed at Bird’s Nest Cape and to the 
north, at Homfray’s Ghat, and other places. Hornblendic, chloritic, and fels- 
pathic forms of rock are frequently found in association with it, 

On referring to the map of India one sees that the line of elevation con- 
stituting the Arakén Yoma is represented further sonth by the Algnada reef, 
Preparis and Coco islands, and the Andamans. The orographical connection 
between the Arakén and Andaman ranges is accompanied by an equally close 
geological one. The formations of the latter “are extremely similar in appear- 
ance to the Negrais rocks of the Arakén Yoma, and in all probability belong to 
the same group.’ * Serpentinous intrusions are also common in the rocks of 
both localities. 

In as far as any a priori opinion can be formed from the above geological con- 
nection as to the metallic wealth of the Andamans, such opinion must be of an 
unfavourable character, as no useful ores are known to occur in the Arakén 
Yoma. ‘ The only ores [in Burma] which need be noticed for practical] purposes,” 
says Mr. Theobald, “are those of iron, tin, lead, copper, antimony, none of which, 
save iron, are known west of the Sittoung,”® and the localities noticed by the 
same writer, where iron has been worked, are to the east of the Irrawédi. The 
apparent barrenness of thé Arakén hills, however, cannot be taken as conclusively 
proving that the Andamans are equally unproductive, although certainly tending 
to suggest that such may be the case. 

Along the sea coast at Rang-u-Ching, a place some miles south of Port Blair, 

Hematite, pyrite, and are highly altered or eruptive rocks. Here and there 
pone inc hiaas at Réug-o- these are traversed by veins, the main constituent of 

6 which is hematite, but which inclnde a considerable pro- 
portion of pyrite (iron pyrites) and chalcopyrite (copper pyrites) in much smaller 
quantity. The veins constituted of these ores are very irregular and sometimes 


2 P. 85. 


* Manual of the Geology of India, Pt. 8, p. 788. 
* Supra, Vol VI, p. OL. 
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branching, but short and strangulated, none that I saw being traceable for more 
than a few yards. In one place I observed a mass of pure pyrite more than a 
foot thick and two feet long, but it could be seen that vein died out completely 
within a few feet. Although, therefore, individual specimens of somewhat im- 
posing dimensions can be obtained, I saw nothing leading me to suppose that the 
mineral could be profitably worked. Nothing like #steady vein is to be seen, and 
it would be obviously hopeless to mine on the chance of meeting with scattered 
irregular nest-like veins like the above. The same remarks apply to the copper 
pyrites. The proportion is too small, and the cupriferous veins too irregular, to 
allow of profitable work, although an occasional lump of some size may be obtained, 

In the jungle, perhaps 50 yards from the beach and the above-mentioned 
veins, Mr. Portman had excavated some tons of ore, from what seems to be a true 
lode running in a N.—S. direction. At the main excavation the lode is several 
feet thick at least, but the entire breadth was not exposed at the time of my 
visit. The ore, taken in bulk, is composed mainly of chloritic quartz and hema- 
tite (occurring chiefly as micaceous iron). The other constituents are iron- and 
copper-pyrites. Although large lumps of good hematite can be obtained (one that 
I saw contained a couple of cubic feet of mineral free from admixture), the ore 
in bulk is worthless as an ore of iron, firstly on account of the large proportion of 
quartz, and secondly on account of the pyrites, which is still more fatal. The 
quartz might be separated to a considerable extent by picking, but it would 
be impossible to free the ore from sulphur in this way. To mine in hard 
rock, and then hand-pick such a sulphurous ore, would be manifestly im- 
practicable, when high-class ore in inexhaustible quantity is to be had on the sur- 
face in so many parts of India. The amount of iron pyrites is too small 
to allow of the ore being worked for sulphur, and the proportion of copper 
pyrites is quite insignificant, although here and there a lump of some size may . 
be obtained, one piece that I secured containing a couple of pounds of solid ore. 

The above is the opinion that I formed on the spot, but I have, since my re- 
turn to Calcutta, been able to check it by assays of the ore. A quantity, weighing 
perhaps a couple of tons, and which may be taken as a fair sample of the whole, 
had been brought in to Port Blair, and at my request Mr. Portman had about 
three-quarters of the amount broken up small. The broken ore and dust were 
thoroughly mixed together, and a large bagful taken, which was reduced to 
powder in the laboratory here and mixed again. On assay it yielded— 


Per cent. Per cent. 
Copper. e ° ° - °10 = Copper-pyrites . ‘ é 30 
Sulphur ° ° ° - 10°74 = Iron-pyrites? . ° « 2013 
Insoluble siliceous residue - 87°60 


More then half a million tons of pyrites are now used per annum in England 


for the manufacture of sulphuric acid. The average percentages of sulphur ip the 
mineral imported from different countries are as follows :—~ 


Per cent. 
Spanish and Portuguese - ° ° 46 to 50 
Westphalian a e C ® e e * 44°65 


4 After deducting the sulphur in the copper-py rites. 
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Per cent. 
Belgian : : . . . . . . ; 44 
Swedish : : , ; P ‘ ° ‘ ; ‘ 42 
Italian ‘ e ‘ e * ‘ . ° 3 85 to 46 
Irish . ‘ " ‘ ° : ; ‘ ‘ F . ‘ 35 
Cornish e e ° e° e Py e e ° ° e 28 


Out of 550,000 tons imported about 1880, 500,000 were from Spain and Portugal." 
Cornish and Irish pyrites “are, as a rule, cupreous ores, but of very low value. 
Their chief fault is the poor percentage of sulphur, whereby the cost of carriage 
and manipulation, &c., is, of course, very largely increased. All payments for 
storing, carrying, breaking, burning the ore, and treatment of the burnt residue, 
are as large for weak as for rich qualities, and therefore far heavier, relatively.” ? 
With reference to the value of these ores, 65,916 tons were raised in the United 
Kingdom in 1872, valued at £39,470, or £0-11-112 a ton: in 1882, 11,074 tons 
were raised in Ireland, valued at £5,743, or £0-10-44 aton. It will be seen, then, 
that the poorest class of ore in the English market contains about three times as 
much sulphur as that of Rang-u-Chang, and although the ore derives its value in part 
from the small amount of copper it contains, which is extracted from the residue 
after the pyrites is burnt, still it only fetches 10 or 12 shillings a ton. The 
Réng-u-Chang ore would be unsaleable at any price, as the proportion of sulphur 
is so low that the ore would not support combustion in the kilns. The pyrites 
could not be concentrated by hand-picking, firstly, because it is too much 
scattered through the gangue; and secondly, because, being much more brittle 
than the quartz and hematite with which it is associated, it would be broken 
during the operation into a powder which would require subsequent washing for 
its separation. Such ‘smalls’ do not fetch more than a third the price of pyrites 
in lumps. At present there is no demand for pyrites in India, but were such to 
spring up, ore like that hitherto obtained in the Andamans could not possibly 
contend against that from Spain. 

It is well known that many pyritous lodes contain little or no good ore at the 
surface, but at a moderate depth are rich enough. This, however, is due to 
the decomposition of the back of the lode, and the carrying down of the 
valuable constituents in solution as sulphates. The Réng-u-Chang ore is per- 
fectly fresh and unchanged close to the surface, and consequently there is no such 

reason to anticipate an improvement by sinking deeper. The lode may improve: 
below the surface, but there are no grounds for anticipating that it will. The 
same may be said with reference to the longitudinal extension. By excavating 
along the course of the lode it may be found richer in some parts than where it 
has been tried, but it is quite as likely that it may be found very much the same,® 
or even poorer. I recommended that a cut should be made across the lode at the 
present excavation, so as to ascertain the entire width, but at the time labour stones 
not be spared. 


* A Manual of the Alkali Trade, by John Lomas, p. 18. 
2 Jbid., p. 11. 


* Mr. Portman had made a smaller excavation at some distance fro th 
was of the same character, m the main one, and the ore 
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The ore was also assayed for gold, and found to contain a minute trace only, 
with no silver. 

A little south of Corbyn’s cove the road to Brookesabdd crosses a vein, which, 

: ; _ on the west side of the road, is five yards thick. The 
Pract Lhidpaas atesouta = jock is @ ferruginous and chloritic quarts containing a 
little iron pyrites disseminated through it, and copper 
pyrites in still smaller amount. Between the road and the sea the vein is less 
definitely marked, being represented by several irregular smaller veins. One of 
these consists of quartz containing a fair proportion of copper pyrites! mixed with 
iron pyrites. As the vein is two feet thick at one point, large blocks of ore can be 
obtained presenting rather an attractive appearance, but within a few feet the 
vein thins out to two or three inches, then thickens somewhat again, and a few 
feet further on dies out altogether. Taking the main vein in bulk, the propor- 
tion of copper ore is very low, while as a source of sulphur the amount of pyrites 
is quite insignificant. The pyritous quartz was assayed for gold (and silver) and 
found to contain none. 

The vein runs about S. 20° W., and may possibly be a continuation of that at 
Rang-u-Chang. If so, there is a considerable change in the character of the ore, 
that at Corbyn containing much less iron and more copper, 

Some of the shales in and about Port Blair contain lenticular nodules of clay- 

: ironstone of varying size up to 6 or 8 inches diameter. 
Pi aaa nodules They are not sufficiently plentiful, however, to be of any 
practical use. 

A specimen of black iron-sand from Havelock Island, which was sent to me 
by Colonel Cadell, the Chief Commissioner, was found 
to consist of magnetite. 

In Volume XVI, p. 204, an extract is given from an official letter of Mr. Port- 
: man’s to the Chief Commissioner, describing the posi- 
aac at Chaker- tion in which a large block of chromite, and some smaller 
pieces, were found at the village of Chakargaon. Mr. Port- 

man pointed out the locality to me, of which I subsequently made a close exami- 
nation. The village is situated at the foot of an irregular line of rounded hill 
which runs south-westwards from Mount Haughton, and which is formed of sand. 
stone and shale with some subordinate calcareous strata. The large block of 
chromite was found a little south of the village by the side of a small water. 
course. It was a loose piece resting on, and partly embedded in, a talus composed 
of sandstone fragments. The other lumps were found close by in a similar 
position. Just south of the block is a somewhat larger watercourse, in which 
an almost continuous section of the rocks is exposed from the foot of the hill to 
near the top. They are exclusively shale and sandstone, with a high dip to the 
south-east, and no fragments of serpentine (or of chrontite) are to be found 
in the stream. The hill is, I believe, beyond doubt composed entirely of shale 
and sandstone from the position in which the chromite was found to the summit. 
As there is every reason to suppose that the chromite here, as in so many other 
parts of the world, occurs in connection with serpentine, it is, I think, certain that 


Magnetic iron sand. 


1 About 30 per cent., or 10 per cent, of copper. 
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the blocks did not come from the hill-side above. From the site of the block there 
is a gentle slope downwards for about 20 yards, at the foot of which an alluvial 
flat begins, beneath which there may be a mass of chromiferous serpentine which 
formerly extended over the position of the block, but which has been cut away by 
denudation. At the very foot of the hill, indeed, there is a mass, some feet across, 
of a serpentinous rock mixed with calcite? Similar rock can be traced at inter- 
vals along the foot of the hill, both to the south-west and the north-east, but al- 
though I followed it for about a mile, not a single piece of chromite was to be seen 
sn connection with it. I had a trench excavated across the outcrop of this rock 
at Chakargaon, but no chromite had been met with at the time I left Port Blair. 
I think the continuation of this trench would be the best way to carry on the 
work, although I cannot say that I feel very sanguine of success. That there is a 
deposit of chromite concealed somewhere not far from the spot where the blocks 
were found, is clear, but that such deposit is a large or persistent one is more 
doubtful. If a strong vein, or number of lenticular masses extending along a 
certain line, existed of such ore, which is not liable to decomposition, the mineral 
would most probably betray itself by fragments along the outcrop. Yet none 
such have been found except in the one spot. 
The occurrence of the mineral at Chakargaon being an indication that the 
Andamanese serpentine is more or less chromiferous, it 
Serre? at Rutland cemed to me that the localities where serpentine was 
known to occur elsewhere should be examined. With 
this view I went with Mr. Portman in the G. 8. Oelerity to Rutland Island, the 
north-eastern part of which is almost wholly composed of the rock in question.® 
I ascended four different streams, but in none of them wasa single pebble of 
chromite to be found. Mr, Dawson, however, in washing for platinum in three 
of these streams,‘ obtained more or less fine black sand, which on examination 
proved to be the mineral we were in search of. On the sea beach, at the month of 
one of the streams, similar sand, which had been brought down by the current 
and then beaten back by the waves, was met with in layers more than an inch 
thick. When the sand from all these localities is examined under the microscope, 
it is seen that, in considerable proportion, the grains are well-formed octahedral 
crystals, with the edges scarcely at all rounded by attrition. By pounding, 
sifting, and elutriating the massive chromite of Chakargaon, a sand can be artifi- 
cially produced which, to the naked eye, resembles that of Rutland Island, except 
that it is less lustrous in appearance. Under the microscope, however, no crystals 
can be detected, the sand being made up of irregular broken fragments. It is 
the crystalline facets of the Rutland Island sand which gives it its lustre. 
Taking, then, into account that not a single fragment of massive chromite was 
found, and thet the sand could not, apparently, have been produced from the 
comminution of such, I am strongly inclined to belisve that the mineral occurs 


fai * diorite and porphyritic trap,” mentioned at p. 204, Vol. XVI, do not exist. ; 
The hill has been completely cleared of jungle, so that the outcrop is not concealed by vegeta- 


® P. 60. 
4p. 88. 


tion 
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disseminated through the serpentine in minute crystals, and therefore in a form 
of no practical value. I should mention that one of the streams ascended was 
not more than half a mile long altogether, the place where the sand was obtained 
being about midway in its course. Even, then, putting the crystalline character 
of the sand out of count, it is difficult to believe that the substance in mass could 
be so completely and finely comminuted during so short a journey. 
I also examined the serpentine at Bird’s Nest Cape, at Homfray’s Ghat, in the 
_ hills south of Corbyn and Protheroepur, and in more 
Peston for chromite than one locality north of the harbour, but found no 
massive chromite at any of those localities. I cannot 
help suspecting, therefore, that the mineral is not very plentiful in that part of 
the Andamans. The contrast between the streams in Rutland Island and those 
in the Hanlé Valley in Ladaék,' where also serpentine is largely developed, is very 
marked. In the latter, lumps of chromite, often many pounds in weight, are 
scattered about in plenty. 
In the not very numerous cases in which platinum has been traced to its 
; parent rock in other parts of the world, it appears to 
nee eee have been found, in most instances, either in auriferous 
quartz veins traversing crystalline rocks, or (accompanied frequently by chromite) 
in serpentine. Search was consequently made for it at Rutland Island. Mr, 
Dawson, the gunner of the Celertty, who had had many years’ experience in 
* Australian gold-washing, washed in three different streams, but not a single 
particle of the metal was found. 
About 300 yards north-east of Chota Protheroepur a band of massive 
Pe ae cream-coloured and greenish-white limestone, containing 
veins of calcspar, outcrops at the foot of the hill. The 
strata dip at a high angle, and the band is several yards thick, but does not show 
above the alluvizcm for more than 30 yards or so along the strike. The same 
band outcrops again, however, with a thickness of 10 or 12 yards, in a hillock 
about half a mile N. 35° E. of the village. Although it is only exposed at 
the south-west end of the hillock, it probably extends the whole length, for 
say 100 yards, beneath the surface soil; if so, there is a large supply above the 
level of the alluvium, and consequently available by open quarry. On the north- 
west side of the village of South Corbyn the rock outcrops a third time, 
forming a amall hillock. The band seems to be about 8 or 10 yards thick, 
dipping at 70°: part of the limestone there is reddish. 
An analysis of the rock from the first-named outcrop gave— 


Carbonate of lime a . ‘ : ; 96°45 


os so magnesia (by diff.) ‘ ‘ ; 09 

98 ” iron * ° . ° e ° 1°16 
Insoluble residue (mostly sand) ° : ° ° 2°30 
100°00 


As there appears to be a considerable (although not unlimited) supply avail- 
able from free-draining quarries, and a much larger quantity by going beneath 


3 Memoirs, G. S. J., Vul. V, p. 166. 
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the level of the alluvium, it is worth consideration whether this limestone could 
not be profitably exported to Calcutta.' The most distant outcrop is less than a 
mile from the sea at Corbyn, where the stone could be loaded into boats and 
taken round to the harbour. Lime has for some years past been imported into 
Calcutta from Katni, in the Jabalpur district; if it pays to transport it more than 
seven hundred miles by railway, it would certainly seem that it ought to pay to 
transport the stone about the same distance by the much cheaper sea carriage.* 
The Andaman stone is fully equal in purity to the best of that from Katni, an 


analysis of the latter yielding— 


Carbonate of lime : ; ‘ ‘ : ; ‘ é - 94°65 
ee »» magnesia (by diff.) . P ; ‘ - F F 2:98 
ry) PT) iron ° e e e P) e ° ° e °58 

Insoluble residue . é ; e 3 : ‘ ‘ 2 1°79 

100-00? 





Besides its use for lime, the Andaman stone would make a good cream-coloured 
marble. It could be quarried in large blocks, or in slabs, several feet in length 
and breadth. A reddish marble could also be obtained. 

While on the subject of lime, I may mention that there is an mexhaustible 
supply of volcanic ash, or puzzolana, at Barren Island, similar to that obtained 
from some of the extinct volcanoes of Central France, and so largely used there 
as an ingredient of hydraulic mortar. 

Mr. Ball has already alluded to the serpentine at Homfray’s Ghat, from an 

‘3 economic point of view.* The stone is mostly weathered and 
panbenvare? shattery on the surface, and to obtain it in a perfectly 
gound condition it would be necessary to quarry some distance into the hill- 
side. Scattered over the hill, however, especially near the top, are numerous 
large blocks of stone which have resisted disintegration to a great extent, and 
some of which are fairly sound, although, being more or less fissured, it is doubt- 
ful if slabs of large size could be cut from them. But if serpentine should be 
locally required in small quantity, for the supply of which it would not pay to 
open a regular quarry, these blocks would be worth attention. 

Serpentine is known to exist in many other places, but, taking quality into 
account, there is none, perhaps, more favourably situated than that just mentioned: 

In the midst of some reclaimed land at Aberdeen Mr. Portman discovered a 

Sass large mass of variegated red jasper, which has doubtless 

been exposed through the denudation of the softer rocks 

around it. It Would make a handsome ornamental stone if polished, but in cut- 

ting large slabs there would be some risk of meeting with drusy cavities which 
occur here and there through the rock. 


* The lime now used at Port Blair is made from coral, but I was informed by Colonel 
Protheroe, the Deputy Superintendent, that it is of rather inferior quality, as the salt cannot be 
thoroughly washed out of the raw material, and subsequently effloresces out of the mortar. 

8 In this connection it may be noted that 100 maunds of limestone 
of quicklime and 78 of slaked lime. (pare) yields 58 maunds 

8 Vol. XVI, p. 112. 

J. A. 58. B., 1870, Vol. XXXIX, Pt. 2, p. 287. 
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The Intertrappean beds in the Deccan and the Laramie group in Western North 
America, by M. Nevmarr. (Translated from the Neues Jahrbuch fiir 
Mineralogic, etc., 1884, Vol. I.) 


White’s recent work on the fossil land and fresh-water shells of North 
America! gives for the first time a good account of these forms, the hterature 
concerning which was formerly so scattered as only to be studied with much 
trouble; many relations are shown to extra Amorican forms, amongst which I 
propose to consider at least one, since the subject not only possesses interest itself, 
but also serves the purpose of correcting a former erroneous opinion of mine. 

Many years ago Hislop * described several shells occurring in some fresh-water 
beds at Nagpur interstratified with the enormous basalt masses of the Indian 
peninsular, known as the Deccan trap. The most generally received opinion is 
that these beds belong to a period on the boundary between the cretaceous and ter- 
tiary epochs ; since, however, a Unio resembling our European U. jflabellatus was 
found, and the genus Acella, which at that time was only known in the pliocene of 
Slavonia and living in North America, is represented, I ventured to point out the 
possibility that the intertrappean beds might belong to the later tertiaries.2 A 
comparison between the fossils of these intertrappean beds and those of the Lara- 
mie beds of North America which lie between the chalk and eocene shows very 
close relations between the two, and I can no longer hold my former opinion in 
the face of these results. 

Though the number of the genera of the fresh-water shells of Nagpur is far 
from small, the greater part is so mdifferent, or the preservation and description so 
insufficient, as to render only the smaller half of use for judging of the character 
of the fauna; amongst these the most important is Physa prinsepi, Sow., which . 
reminds one of the large kinds of Physa of the Paris and London eocene, but which 
is also closely related to the Laramie fossils of America, as Ph. copet, Wh., and Ph, 
disjuncta, Wh. The above-mentioned exceedingly attenuated Limnew which have 
been grouped together in the subgenus Acelia, and which are represented in the 
Laramie beds by A. haldemani, Wh., form another striking occurrence; Paludina 
virapat, Hisl., closely resembles Hydrobia anthonyi, M. and H. Among the snails 
a few other similar cases occur, the forms, however (Paludina acicularis—Hydrobia 
recta, Paludina conoidea—Hydrobia subconica), are so little distinctive that I place 
small value on them. The Valvata are the only characteristic gasteropod types of 
Nagpur not represented in the Laramie beds of North America. 

Among the mussels the Unios are foremost; they have much in common in | 
general appearance, but U. carteri, Hisl., a form of the type of the European *, 
U, flabellatus, is the only one that shows any close connection with U. gonienctus, 
Wh., and U. gontowmbonatus, Wh., of North America. Finally, Corbicula ingens, 
Hisl., is remarkably similar to Corbicula cleburni, White. 

1 White, a review of non-marine fossil] mollusca of N, America. Extract from the annual 
report of the Director of the U. S. Geological Survey, 1881-82. 

® On the tertiary deposits associated with trap-rock in the East Indies. Quart. Journ. Geol. 
Soc., 1860, page 154. 

® Neumayr und Panl, Congerien- und Paludinen-schichten Westslavoniens. Abhandlungen 
der geolog. Reichsanstalt, Vol. VII, 1875. 
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Whether in the one or the other case there may be actual identity, or whe- 
ther it is, as I think more probable, a case of near related vicarious species, | 
cannot decide. On the whole the following forms may be correlated :— 


Nagpur. Laramie. 
Physa prinsem Ph. copes. 

Ps » var. elongata Ph, drajuncta. 
Acella attenuata Ac. haidemant. 
Paludina virapai Hydrobia anthony:. 

: ‘ NtO gon us. 
Unio carter 1 shea : sietcidaro rare 


Corbicula ingens Corb. cleburn. 


These facts justify the conclusion that the intertrappean beds of India are the 
most nearly related of any fresh-water beds yet known to the Laramie beds of 
North America—a result which agrees well with the most generally received 
opinions with regard to the age of both. Whether both belong to cretaceous or 
tertiary formations the fresh-water shells give no decided means of judging; 
many forms—for example, the large Physa, Melania wyomingensis, and others of 
the Laramie beds—are nearly related to tertiary types, but side by side with this 
are found surprising relations to European cretaceous forms. I will not, however, 
enter here more particularly upon this point, since Dr. Tausch is at present 
engaged in my institute upon studies which will yield evidence in this direction. 


ADDITIONS TO THE MUSEUM. 
252 specimens of metallic ores, 18 of rocks and 100 of fossils, from New South Wales; also 
9 Geological maps and sections, illustrating the geology of New South Wales. 
PRESENTED BY THE MINISTER FOR Mines, Sypney. 
A block of ‘ boghead mineral,’ from Hartley, New South Wales. 
PRESENTED BY THE AUSTRALIAN KERosinE O1L anp MinzRat Co., Sypney. 
Antimony ores from New South Wales, and specimens illustrating the smelting of the 


same. 
PRESENTED BY H. Hernenscumipr, Esq., Sypney. 


Cobalt and manganese ores from New South Wales, and specimens illustrating their treat- 


ment. 
PRESENTED BY Mresses. HeRRENscuHMIDT anD ConsraBLe, SypNEY. 


An ingot of star-antimony from New South Wales. 
PrEseNTED BY Jonw 8. MEtvitix, Esq., Sypwey. 
$7 models of large Australian gold nuggets; 6 cores from diamond drill borings and 10 
geological maps, illustrating the geology of Victoria. 
PRESENTED BY THE Ministee vor Mrnzs, VicroRtas. 
A collection of minerals, ores and fossils from Victoria. . 
PRESENTED BY THE Battakat ScHoor or Miss. 
One slab of Chunar sandstone, 5’ x 6’, and 4 smaller ones, frem Chunar. 
PRESENTED BY THE Bencat Srome Co., Catourra. 
A specimen of bornite with galena, from Bairuki, Deogarh, Bengal. 
PRESENTED BY Mxsses. Brepv & Co., CaLcurra. 
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Upper Vindhyan sandstone with dentritic markings (Chhardar stone) from Punnah, Cen- 
tral India, and a specimen of calcareous tufa containing roots, found near the Ken 


river, Punnah, Central India. 
PrestxTep BY THE Manapasa OF Punwan. 


A specimen of sapphire with tourmaline, from Pddar, Kashmir. 
PrResEnteD BY H. H. THE Manakasa or KasHMIRe. 


A specimen of cervantite, from Moulmein. 
PresEentep BY G. Dawson, EsQ., MovLMEIN. 


An ingot of tin, from Mount Bischoff ore, Tasmania. 
PRESENTED BY THE TasMaNIAN COMMISSIONER, CaLCUTTa EXHIBITION, 1883-84. 
Specimens of bornite with galena ; chalcocite, with malachite; and galena with cerussite and 
malachite, from DBairuki, Deogarh, Bengal. 
PrEesENTED By Messss. Bizsp & Co., CaLcurra. 


14 specimens of ‘Certaldo marble’ (gypsum artificially hardened), from Tuscany, Italy. 
PRESENTED BY Durr Bruce, Esq., Catcurta. 


A series of ores and minerals from Tasmania, 
PRESENTED BY THE TASMANILN CoMMISSIONER, CaLcuTta EXHIBITION, 1883-84, 
3 specimens of moteorites, and 22 of rocks with 12 microscopic slides, from France. 
PRESENTED BY Proressok DavBrREE (MuskUM D'HISTOIRE NATURELLE), Paris. 


A collection (158) tertiary fossils from Australia and New Zealand. 
PresENTED BY J. F. Bartey, Esq., MELBouRne. 


ADDITIONS TO THE LIBRARY. 
From Ist Janvuaky To 3lst Mazscy 1884. 


Tttles of Bovks. Donors. 
ALBRECHT, Paut.—Epiphyees Osseuses sur les Apophyses Epineuses des Vertdbres d'un 
Reptile (Hatteria Panctata, Gray). 8° Pam. Bruxelles, 1883. 
THE AvUrHoR. 
Sur la Fente Maxillaire double sous-muqueuse et les 4 Os Intermaxil- 
laires de l’Ornithorynque Adulte Normal. 8° Pam. Bruxelles, 1883. 
THe AUTHOR. 
Sur les Copulss Intercostoidales et les Hémisternoides du Sacrum des 
Mammiféres. 8° Pam. Bruxelles, 1883, 


THs Avrnor. 

Bapvex-Pows tt, B. H., and Krprina, J. L.—Descriptive catalogue of Punjab contributions 
tothe Calcutta International Exhibition, 1883. 8° Caleutta, 1883. 

B. H. Bapren-Powett. 
BesTrranp, Eurie.—Nouveau minéral des environs de Nantes. 8° Pam. Paris, 1883. 

THe AvtTHor. 

Broaerr, W. C.—Die Siluriechen Etagen 2 und 3 im Kristianiagebiet und auf Eker. 8° 

Kristiania, 1882. 
Royrat University, Norway. 
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Titles of Books. Donors. 
Brown’s Klassen und Ordnungen des Thier-Reichs. Band I. Protozoa. Lief. 20—25. 
Band VI, Abth. III, Reptilien, Lief. 41. 8° Leipzig, 1883-1884. 
CanassE, Bart.—Descriptive catalogue of exhibits from Tonquin at the Caicutta Interna- 
tional Exhibition, 1883-84. 8° Calcutta, 1883. 
COMMISSIONER FOR Tonquin. 
Catcurta INTERNATIONAL Exuisition, 1883-84. Official Catalogue. 3rd Issue. 8° 
Caleutta, 1883. 
Capper, JoHN.—Hand-book to the Ceylon Court, Calcutta International Exhibition. 8° 
Colombo, 1883. 
CoMMISSIONER FOR CEYLON. 
Catalogue of a choice and valuable collection of ancient and modern Japanese curios and 
works of art; exhibited at the Calcutta International Exhibition, 1883, 
by Messrs. Kuhn & Co. of Yokohama, and formed by them during 15 
years’ residence and travel in Japan. 8° Yokohama, 1883. 
Messrs. Kuuw & Co. 
Catalogue of exhibits in the Victorian Court at the Calcutta International Exhibition, 
1883-84. 4° Melbourne, 1883. 
CoMMISSIONER FOR VICTORIA. 
Catalogue of the exhibits in the Tasmania Court at the Melbourne International Exhibition, 
1880. 8° Hobart Town, 1880. 
CoMMISSIONER FoR TasMANIa. 
C'oal-Land Law, and regulations thereunder, 1873 and 1882. 8° Pam. Washington, 1873 
and 1882. 
Home DEPaRrtTMENT. 
Cors, E. D.—Systematic Catalogue of Vertebrata of the Eocene of New Mexico, collected in 
1874. 8° Pam. Washington, 1875. 
Homz DrrartTMeEnt. 
Dait, W. H.—Report on Mount St. Elias. 4° Pam. Washington, 1875. 
Homst DEPARTMENT. 
Dx Keraaiet, C. P.—The Azores or Western Islands. Translated by George M. Totten. 
8° Pam. Washington, 1874. 


Homr DEPARTMENT. 

DruMMOND, WiLLis.—Segregation of Mineral and Agricultural Lands. 8° Pam. Wash- 
ington, 1872. 

Home DSPaRTMENT. 


Duxont, J. B.—Synoptical Tables of Modern Chemistry. Vol. I. Inorganic Chemistry. 
Part III, Metals. 8° Calcutta, 1883. 
Fatzsa, Henzy.—Portland Cement for users. 2nd edition. 8° London, 1884. 
ForsytH, Jauzs W., and Grant, F. D.—Report on an expedition up the Yellowstone river 
made in 1876. 8° Pam. Wushington, 1875. 
Home DEPartTuert. 


Feanxuand, P. F.—Agricultural Chemical Analysis. 8° London, 1883. 
Ganot's Elementary Treatise on Physics experimental and applied, for the use of colleges 


and schools, Translated and edited by E. Atkinson. 10th edition. 8° 
London, 1881. 
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Titles of Books. Donors. 


Ganor’s Natural Philosophy for general readers and young persons. Translated and 
edited by E. Atkinson. 4th edition, 8° London, 1881. 
Gizzzr, G. K.—Report on the Geology of the Henry Mountains. 2nd edition. 4° Washing- 
ton, 1880. 
Homes DEPARTMENT. 
Gorzinar, Henry H.—The Rio de la Plata. 8° Pam. Washington, 1875. 
Homes DEPARTMENT. 
Grestey, W. S.—A glossary of terms used in Coal Mining. 8° London, 1883. 
Harttieyr, F. W.—The Gas Analyst’s Manual. 8° London, 1879. 
Hxcror, JamEs.—Hand-book of New Zealand. 8rd edition. 8° Wellington, 1883. 
CotoniaL Museum, WELLINGTON. 
Hiteazgp, Eugenes W., & Horxins, F. V.—Reports upon the specimens obtained tfrom 
borings made in 1874 between the Mississippi River and the Lake Borgne, 
at the site proposed for an outlet for flood waters. 8° Pam. Washington, 
1878. 
Homes Department. 
Humpuereys, A. A., and Assot, H. L.—Report upon the Physics and Hydraulics of the 
Mississippi River. 4° Washington, 1876. 
Home Deparrment. 
Just, Toomas C.—Tasmania! A description of the Island of Tasmania and its resources. 
Compiled for the Sydney International Exhibition, 1879. 8° Launces- 
ton, 1879. 
CoMMISSIONER FoR TASMANIA, 
~ The official hand-book of Tasmania compiled under the instructions of 
the Government Board of Immigration of that Colony. 2nd edition. 
8° Launceston, 1883. , 
CoMMISSIONER FOR TasMANIA. 
Kine, Writr1am.—The Singareni Coal Field and others adjoining to or in the Madras 
Presidency. 8° Pam. Madras, 1883. 
THz AvurHor. 
Lupiow, WILL1aM.—Report of a reconnaissance from Carroll, Montana territory, on the 
Upper Missouri, to the Yellowstone National Park, and return, 
made in the summer of 1875. 4° Washington, 1876. 


Home DEPARTMENT. 


es Report of a reconnaissance of the Black Hills of Dakota, made in 
the summer of 1874. 4° Washington, 18765. 


Home DgrartTMent. 
Maxzcov, JonEes.—Note sur la Géologio de la Californie. 8° Pam. Paris, 1883. 


Tax Avrzor. 
Mason, Ravp. F.—Burma, its people and productions; or, notes on the fauna, flora, and 
minerals of Tenasserim, Pegu, and Burma. Vol. I, Geology, Mineralogy, 


and Zoology ; Vol. II, Botany. Re-written and enlarged by W. Theobald. 
8° Hertford, 1882-83. 


Curzr Comuissiongn, British Burma. 
McKean’s Patent Rock Boring Machinery. 4° Glasgow, 1883. 


Tux EXxHIBITors. 
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Titles of Books. Donors. 
Mitten, Wa. ALLEN.—Introduction to the study of Inorganic Chemistry. New edition. 
8° London, 1879. 
Muz.iee, Fxepinaxp von.—Observations on new vegetable fossils of the Auriferous 
Drifts. 2nd Decade. 8° Melbourne, 1883. 
DEPARTMENT OF MINES aND WaTER Suprrty, MELBOURNE. 
Moxuaszsi, T. N.—A hand-book of Indian products, art-manufactures, and raw materials, 
8° Calcutta, 1883. 
THE AUTHOR. 
New Sour Watss, its progress and resources; and official catalogue of exhibits from the 
Colony forwarded to the International Exhibition of 1883-84 at Calcutta. 
8° Sydney, 1883. 
CoMMISSIONER FOR New SoutH Wates. 
Newron, Henry, and Jennry, Watter P.—Report on the geology and resources of the 
Black Hills of Dakota. 4° Washington, 1880. 
Homst DEPARTMENT. 
PaLEONTOLOGIE Francaise. lre Série, Animaux Invertébrés, Terrain Crétacé, livr. 30, 
9 9 ” »  Jurassique, ,, 65-66. 8° 
Paris, 1884. 
Pracock, R. A.—-Saturated steam, the motive power in volcanoes and earthquakes; great 
importance of electricity. 2nd edition. 8° London, 1882. 
THE AUTHOR. 
Pennine, W. Henry.—Engineering Geology. 8° London, 1880. 
QuenstEDT, Fr. Ave.—Handbuch der Petrefaktenkunde. Auflage III. Lief. 13-14, 8° 
Tiibingen, 1883. 
Rerort on the Icelandic committee from Wisconsin on the character and resources of Alaska. 
8° Pam. Washington, 1875. 
Homes DEPARTMENT. 


REPortT on the two kinds of coal submitted by the Chesapeake and Ohio Railroad Coal 
Agency. 8° Pam. Washington, 1878. 
Homes DEPaRrTMENT. 
REvort upon the Yellowstone National Park for 1872, 1877, 1879, and 3880. 8° Pam, 
Washington, 1873-1881. 
Hous DEParTMENT. 
Revson, Hana, H.-—Silurfossiler og Pressede Konglomerater i Bergensskifrene. 8° 
Kristiania, 1882, 
Rorat Untversity, Norway. 
ScHUMACHER, E.—Hrlaiuterungen zur Geologischen Karte der Umgegend von Strassburg. 
With a map. 8° Pam. Strasburg, 1883. uc 2 
Karis. Unrvers. BrsLriotTHEex, 
Srxctat catalogue of exhibits in the Tasmenian Court at the Calcutta International Exhibi- 
tion, 1883-84, 8° Calontta, 1883, 
Commrestowzr ror TasMANTA- 
Sranzey, D. same on the Yellowstone Expedition of 1873. 8° Pam. Washington, 
4. 
Hous Dsraprumre. 
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Titles of Books. Donors. 
Srow, J. P.—South Australia: its history, productions, and netural resources. Written for 
the Calcutta Exhibition. 8° Adelaide, 1883. 
CoMMISSIONER FOR SoutH AUSTRALIA. 
SuPpPLEMENTARY instructions in relation to Mineral and Agricultural Lands under the 
Mining Acts of Congress. 8° Pam. Washington, 1871. 
Home DEPARTMENT. 
Tux Marshall Group, North Pacific Islands. 8° Pam. Washington, 1870. 
HomE DEpaRTMENT. 
Uxeicu, G. H. F.—Notes and observations on the Nuggetty Reef, Maldon. (Quarter 
sheet 14, N. W.) 8° Pam. Melbourne. 
COMMISSIONER FOR VICTOBRIA. 
United States Mining Laws, and regulations thereunder, 1872, 1879, and 1881. 8° Pam. 
Washington, 1872, 1879, and 1881. 
Home DgeparkTMEnNtT. 
VEEBEERK, R. D. M.—Topographische en Geologische Beschrijving van een gedeelte van 
Sumatra’s Westkust. With Folio Atias. 8° and Fol. Batavia, 1883. 
Director OF Instruction, Batavia. 
WareeEn, G. K.—An essay concerning important physical features exhibited in the valley 
of the Minnesota river, and upon their signification. 8° Pam. Wash- 
ington, 1874. 
Homer DEPaRTMENT. 
Weresster’s Patent Aluminium Metals, 8° London, 1883. 
TH: EXHIBITORS. 
Wex, Gustav.—First and second treatises on the decrease of waterin springs, creeks, and 
rivers, contemporaneously with an increase in height of floods in cul- 
tivated countries. 8° Pam, Washington, 1880-8}. 
Home DerarTMEnt. 
Waite, C. A.—Preliminary report upon Invertebrate Fossils collected by the expeditions 
of 1871, 1872, and 1873, with descriptions of new species. 8° Pam. 
Washington, 1874. 
WHITFIELD, R. P.—Preliminary report on the Palwontology of the Black Hills. 8° Pam. 
Washington, 1877. 
Homes DEPARTMENT. 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 38rd Series, Vol. XXVI, No. 156, to XXVII, No. 158. 8° 

New Haven, 1883-1884. 
Tue Eprrors:- 
Annalen der Physik und Chemie. Neue Folge, Band XX, heft 4, No. 125; and XXI, 
é Nos. 1—2. 8° Leipzig, 1883-1884, 

Annales des Sciences Géologiques. Tome XIV, Nos.2—4. 8° Paris, 1883. 

Aunales des Sciences Naturelles. 6°° Série, Botanique, Vol. XVI, Nos. 1—6, and XVII, 
No.1: 6™° Série, Zoologie et Paléontologie, Vol. XV, Nos. 2—~4. 8° 
Paris, 1883-1884. 
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Titles of Books. Donors. 

Annals and Magazine of Natural History. 6th Series, Vol. XIII, Nos. 73—765. 8° 
London, 1884. 

Athenzum. Nos. 2929—2940. 4° London, 1883-1884. 

Beibliitter zu den Annalen der Physik und Chemie. Band VII, Nos. 11—12, and VIII, No. 1. 
8° Leipzig, 1883-1884. 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3™° Période, Tome 
X, Nos. 10—12. 8° Genéve, 1883. 

Bibliothéque Universelle et Revue Suisse. 3° Période, Tome XX, Nos. 59—60, and XXI, 
No. 61. 8° Lausanne, 1883-1884. 

Botanisches Centralblatt. Band XVI, Nos. 10—13, and XVII, Nos. 1—8. 8° Cassel, 
1883-1884. 

Chemical News. Vol. XLVIII, Nos. 1255—1257, and X LIX, Nos. 1258—-1266. 4° London, 
1883-1884. 

Colliery Guardian. Vol. XLVII, Nos. 1197—1208. Fol. London, 1883-1884. 

Das Ausland. Jahrg. LVI, Nos. 50—52, and LVII, Nos. 1—7. 4° Miinchen, 1883-1884. 

Geological Magazine. New Series, Decade ITI, Vol. I, Nos. 1—2. 8° London, 1884. 

Iron. Vol, XXII, Nos 670—572, and XXIII, Nos. 573—581. Fol. London, 1883-1884. 

Journal of Science. 8rd Series, Vol. V, No. 120, and VI, No. 121. 8° London, 1883-1884. 

Taz Eprror. 


Just, Lrorotp-—Botanischer Jahresbericht. Jabrg. IX, Abth. I, heft 1. 8° Berlin, 
1883. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th Series, 
Vol. XVIT, Nos. 108—105. 8° London, 1884. 

Mining Journal with Supplement. Vol. LIII, Nos. 2620—2524, and LIV, Nos. 2525—2581. 
Fo]. London, 1883-1884. 

Nature Novitates. Nos. 24—25 (1883); and Nos. 1—S8 (1884). 8° Berlin, 1883-1884. 

Nature. Vol. XXIX, Nos. 737—748. 4° London, 1883-1884. 

Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie. Jahrg. 1884, Band I, heft 
1—2. 8° Stuttgart, 1884. 

Petermann’s Geographische Mittheilungen. Band XXIX, No. 12, and XXX, Nos. 1—2. 
4” Gotha, 1883-1884. 

Professional Papers on Indian Engineering. 3rd Series, Vol. I, No. 4, fisc. Roorkee, 1883. 

THoMASsON COLLEGE OF CIVIL ENGINEERING. 


Quarterly Journal of Microscopical Science. New Series, Vol. XXIV, No. 98. 8° London, 
1884, 


Zeitschrift fiir Naturwissenschaften. 4th Series, Band II, heft 5. 8° Halle, 1883. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Aseam.—Report on the Census of Assam for 1881. fisc. Caloutta, 1883. 
REVENUE aND AGRICULTURAL DePanrmMeEnrT. 


Bexeat.—Hunten, W. W.—Statistical Account of Bengal. Vols. I—XX. 8° London, 


GovVERNMENT oF BEnNGal. 
BomBay.—Gazetteer of the Bombay Presidency. Vol. XV, pts. 1—2. 8° Bombay, 1883. 


Bombay GoveERNmeEnr?. 
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Titles of Books. Donors, 
BomBay.—Keport on the Administration of the Bombay Presidency for 1882-83. fisc. 
Bombay, 1884. 


BomBay GOVEENMENT. 


7 Selections from the Records of the Bombay Government. New Series, No. 157. 
8° Bombay, 1882. 
BomBay GOVEEBNMENT. 
Bzirise Burma.—Report on the Administration of British Burma during 1882-83. fise. 
Rangoon, 1883. 
CHrzF ComMMIssIONER, British BurMa. 
HypErsBaD.— Report on the Administration of the Hyderabad Assigned Districts for 
1882-83. fisc. Hyderabad, 1883. 
REsiDENT, HyDERABAD. 
Inpra.— Annual Statement of the Trade and Navigation of British India with Foreign 
Countries, and of the Coasting Trade of the several Presidencies and 
Provinces in the year ending 3lst March 1883. Vol. Il, Coasting Trade. 
4° Calcutta, 1884. 
GOVERNMENT PRINTING PREss. 
» List of Officers in the Survey Departments, corrected to lst January 1884. fisc. 
Calcutta, 1884. 
REVENUE & AGRICULTURAL DEPARTMENT. 
» List of publications and maps relating to Forest Administration in India, sent to 
the Edinburgh International Forestry Exhibition of 1884. 8° Pam. 
Calcutta, 1884. 
Home DepartmM Ent. 
» Registers of Original Observations in 1883, reduced and corrected. June to August- 
1883, 4° Calcutta, 1884. 
METEOROLOGICAL REPoRTER TO GOVERNMENT OF InDia. 
» Report on the Administration of the Persian Gulf Political Residency and Muscat 
Political Agency for 1882-83. No. 191. 8° Calcutta, 1883. 
Foreign DEPARTMENT. 
»  Beport on the Census of the Baroda Territories, 1881. flsc. Bombay, 1883. 
REVENUE aND AGRICULTURAL DEPARTMENT. 
Mapras.—Report on the Administration of the Madras Presidency for 1882-83. fisc. 
Madras, 1883. 
Mapras GovERNMENT. 
N.-W. Provinces.—Statistical, descriptive and historical account of the North-Western 
Provinces of India, Vol. IX. 8° Allahabad, 1883. 
GOVERNMENT OF THE NokTH-WESTEEN Provinces, 
Punsa8.—I5BEts0N, Denzit Coan.es JetF.—Report on the Census of the Punjab, takenon 
the 17th of February 1881. Vols. I—Il11. 4° Lahore, 1883. 
REVENUE & AGRICULTURAL DEPARTMENT, 
” Report on the Administration of the Punjab and its Dependencies for 1882-83, 
fiec. Lahore, 1884. 
PunsaB GOVERNMENT, 
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TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Titles of Books. ; Donors. 
BEgLIn.—Annales de la Société Géologique de Belgique. Tome IX. 8 Berlin, 1881-1882. 
THe Soctsry. 


BousBay.—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVI, No. 42. 
8° Bombay, 1884. 

Tux Socirry. 

BavssEts.—Annales de la Société Royale Malacologique de Belgique. 3™e Série, Tome IT. 
8° Bruxelles, 1882. 

Tue Society. 

Procés-Verbaux des Séances de Ja Société Royale Malacologique de Belgique. 

Tome XI. pp. 165—266, and Vol. XII, pp. 1—108. 8° Bruxelles, 

1882-1883. 


Tux Society. 


‘; Bulletin de la Société Royale Belge de Géographie. Année VII, No. 5, 8° 
Bruxelles, 1883. 
THE Socigry. 
Buparsest.—Féldtani Kézlony. Kétet XIII, fiizet 4—6. 8° Budapest, 1883. 
THE Institvure. 
‘5 Mittheilungen aus dem Jahrbuche der K6n. Ungarischen Geologischen Anstalt, 
Band VI, heft. 5—6. 8° Budapest, 1883. 
THE Institurs. 
CatcutTra.—Journal of the Asiatic Society of Bengal. New Series, Vol. LIT, Pt. I, Nos. 3—4; 
and Pt. II, Nos. 2—4. 8° Calcutta, 1883-1884. 
THE Socrery. 
7 Proceedings of the Asiatic Society of Bengal. No. IX. 8° Calcutta, 1883. 
‘Tar Suocrery. 
a Mallet, F. R.—Descriptive catalogue of the collection of Minerals in the 
Geological Museum, Calcutta. 8° Calcutta, 1883, 
GEOLOGICAL SURVEY oF Inpia. 


9 Memoirs of the Geological Survey of India. Vol. XX, Nos. 1—2. 8° 
Calcutta, 1883. 
Grotoaicat Survey or Inpra. 
” Paleontologia Indica. Series XIV, Vol. I, pt. 4. 4° Calcutta, 1883. 
Grotoaican Sukvey oF Inpzia. 
» Popular Guides to the geological collections in the Indian Museum, Calcutta. 
Nos. 1—6. 8° Calcutta, 1879-1883. 
GroLlogioat SuRVEY oF Inpra. 


a sein of the Geological Survey of India. Vol. XVII, Part 1. 8° Calcutta, 
884, 


GroLocicaL SURVEY OF Inpta. 
Camprrper.—Proceedings of the Cambridge Philosophical Society. Vols. I and II. 
8° Cambridge, 1866-1876. 
Tue Soocrery. 
99 Transactions of the Cambridge Philosophical Soviety. Vols. IX to XI, Part 
2. 4 Cambridge, 1851—1869. 
Taz Socrzery. 
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Titles of Books. Donors. 

CamBriper, Mass.—Annual Report of the Curator of the Museum of Comparative Zoolo;y 
at Harvard College for 1882-83. 8° Cambridge, Mass. 1883. 

ALEX. AGAsst7. 

Bulletin of the Museum of Comparative Zoology. Vol. XI, Nos. 3—9. 


8° Cambridge, Mass. 1883. 
Mvusrum oF CoMPARATIVE ZOOLOGY. 


Memoirs of the Museum of Comparative Zoology. Vol. VIII, No. 2; 
and IX, No. 2. 4° Cambridge, Mass, 1883. 
MuszuM or CompakaTIVE ZooLoeGy. 
CoPpENHAGEN.—Mémoires de T Académie Royale de Copenhague. 6™¢ Série, Vol. II, 
Nos. 4—5. 4° Copengahen, 1883. 


” 


THe ACADEMY. 


Oversigt over det Kongelige danske Videnskabernes Selskabs. No.2. 8° 


Copenhagen, 1883. 
THE ACADEMY. 


DEESDEN.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesellschaft 
Isis in Dresden, Juli bis December, 1883. 8° Dresden, 1884. 
Tue Sociery. 
EpinsurcH.—Transactions of Royal Scottish Society of Arts. Vol. XI, Part 1. 8° 
Edinburgh, 1883. 
THE Society. 
Giascow.—Proceedings of the Philosophical Society of Glasgow. Vol. XIV. 8° Glasgow, 
1883. 
Tae Socrzty 
- Transactions of the Geological Society of Glasgow. Vol. VII, Part 1. 8° 
Glasgow, 1883. 
THE Society, 


Haxr.z.—Nova Acta Academiae Caesareae Leopoldino-Carolinae Germanicae Naturae Curio- 
sorum. Tomus XLIV. 4 Halle, 1883. 
THE AcaDEMY. 
si Leopoldina. Heft XVIII. 4° Halle, 1882. 
THE AcaDEMY. 
LIvEBPOOL.—Proceedings of the Liverpool Geological Society. Vol. IV, Part 5. 8° 
Liverpool, 1883. 
Tue Socrery. 
Lonpon,—Journal of the Society of Arts. Vol. XXXII, Nos. 1620—1632. 8° London, 
1883-1884. 
Tae Society. 


‘ Mineralogical Magazine, and Journal of the Mineralogical Society of Great Bii- 
tain and Ireland. Vol. V, Nos. 22—25. 8° London, 1882-1883, 
i Palwontographical Society’s publications. Vols, XXXV—XXXVII. 4° London, 
1881-1883. 
‘a Proceedings of the Royal Geographical Society. New Series, Vol. V, No. 12; and 
VI, No.1. 8° London, 1883-1884. 
THE Soocrery. 
es Quarterly Journal of the Geological Society. Vol. XXXIX, No. 156. With list 
of Fellows for 1883. 8° London, 1883. 
THE SOcIEgETY, 
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Titles of Books. Donors. 

Loxpon.—Report of the British Association for the Advancement of Science, for 1881 and 
1882. 8° London, 1882-1883. 

Mapr1p.—Boletin de la Sociedad Geografica de Madrid. Tomo XV, Nos. 4—6. 8° Madrid, 


1883. 
Tux Socirery. 


MancHestEr.—Transactions of the Manchester Geological Society. Vol. XVII, Parts 
11—12. 8° Manchester, 1883-1884. 

THE Society. 

MELBourNE.—Geological Survey of Victoria. Report of Progress. No. VI, 8° Melbourne, 


1880. 
GovEBNMENT Minina DepartTMENT, VICTORIA. 


Report of the Inspector of Explosives to the Honourable the Minister of 
Mines, for the years 1880 and 1881. fisc. Melbourne, 1881-1882, 
GOVERNMENT Minina DEpartTMEnT, VICTORIA. 


Reports of the Mining Surveyors and Registrars for quarter ending 30th 
September 1883. fisc. Melbourne, 1883. 
GOVERNMENT Minina DEPARTMENT, VICTORIA. 


MontTrEat —Geological and Natural History Survey of Canada. Reports of Progress for 
1880-81-82. 8° Montreal, 1883. 
; THe SuRvVEY. 
Macown, Joun.—Catalogue of Canadian plants. Part I. Polypetalem. 8° 
Montreal, 1883. 
THE SrRvey. 
Muvnicu.—Abhandlungen der Mathematisch-Physikalischen Classe der KGniglich Bayeris- 
chen Akademie der Wissenschaften. Band XIV, Abth. 3. 4° Miinchen, 
1883. 
THe ACADEMY. 
RaDLKoFrek, Lupwic.—Ueber die Methoden in der botanischen Systematik 
insbesondere die anatomische methode. 4° Miinchen, 1883. 
THE AcapEmMy. 
Sitzungsberichte der Mathematisch-Physikalischen Classe der K. B. Akademie 
der Wissenschaften. Heft 1 and 2. 8° Miinchen, 1883. 
THe ACADEMY. 
NEWCASTLE-UPON-T yNE.—Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIII, Parts 1—2. 8° Newcastle-upon- 
Tyne, 1883-1884, 


THe Institute. 


Panis.—Bulletin de la Société Géologique de France. 3™¢ Série, Vol. XII, Nos. 1—2. 
8° Paris, 1883-1884. 

Tue Socrery. 

PENZANCE.—Transactions of the Royal Geological Society of Cornwall. Vol. X, Part 5. 

8° Penzance, 1883. 

Tue Socrery. 

PHILADELPHIA.—Journal of the Franklin Institute. Srd Series, Vol. LXXXVI, No. 6; and 

THe InstITorTs. 

0 Proceedings of the Academy of Natural Sciences. Part II. 8° 

Philadelphia, 1883. 
Tae AcapEmY. 
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Titles of Books. Donors | 
Pisa.—Atti della Societé Toscana di Scienze Naturali. Processi Verbali. Vol. IV, pp. 1— 27. 
8° Pisa, 1883. 
Tue Society. 
Romz.—Atti della Accademia dei Lincei. Serie III, Transunti, Vol. VII, fasc., 15. 4° Roma, 
yer THs ACADEMY. 
Saint PererssurG.—Bulletin de !’Académie Impériale des Sciences de St. Pétersbourg. 
Tome XXVIII, No. 3. 4° St. Pétersbourg, 1883. 
Tue AcaDpEMY. 
Mémoires de l’Académie Impériale des Sciences de St. Pétersbourg. 
Tome XXXI, Nos. &—8. 4° St. Pétersbourg, 1883. 
THE ACADEMY. 
Bulletins du Comité Géologique. Tome I and JI, Parts 1—6. 8° St. 
Pétersbourg, 1883. 
THE ComMMITTEE. 
Mémoires du Comité Géologique. Vol. I, No. 1. 4° St. Pétersbourg. 
1883. 
= THe CoMMITTEE. 
SaLem.--Bulletin of the Essex Institute. Vol. XIV, Nos. 7—12. 8° Salem, 1882. 
THE INSTITUTE. 
SypnEry.—Annual Report of the Department of Mines, New South Wales, for 1882. 4° 
Sydney, 1883. 
DEPARTMENT OF Mines, NEw SoutH WaAtzgs. 
TasmMaNIa.—Papers and Proceedings of the Royal Society of Tasmania for 1882. 8° 
Tasmania, 1883. 
THE Society. 
Toronto.—Proceedings of the Canadian Institute. Vol. I, No. 5. 8° Toronto, 1883. 
THE INSTITUTE. 
Virnwna.—Verhandlungen der k.k. Geologischen Reichsanstalt. Nos. 14—18, (1883) ; and 
Nos. 1—3, (1884). 8° Wien, 1883-1884. 
Taz Institute. 
WasnHineron.—Catalogue of specimens added to the Cabinet of the United States Naval 
Academy in 1878 and 1881. 8° Washington, 1879 and 1881. 
HomE DEPaRTMENT. 
is Preliminary Catalogue of the Minerals in the Cabinet of the United 
States Naval Academy, Annapolis. 8° Washington, 1877. 
Homes DerarTMeEnt. 
o Regulations of the United States Geological Survey. 8° Washington, 
1882. 
Homz DgepartTmMenr. 
a Report of the United States Geological Exploration of the Fortieth 
Parallel. Vol. V, Botany. 4° Washington, 1871. 
Homes DePabTMeEnrt. 
= United States Geographical and Geological Survey. Contributions to North 
American Ethnology. Vol. III. 4° Washington, 1877. 
Homes Department. 
YoxoHama.—Mittheilungen der Deutschen Gesellschaft fiir Natur und Vélkerkunde Osta- 
siens. Heft 80. 4° Yokohama, 1884. 
THE Socrxry. 
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Yoxonama.—Transactions of the Asiatic Society of Japan. Vol. XI, parts 1—2; and 
XII, part I. 8° Yokohama, 1883. 

THE Socirry. 


MAPS. 


Dany. TetLEF.—Geologisk kart over det Nordlige Norge. Kristiania, 1866—1879. 


Royat Unrvggsitry, Norway. 
Geological map of Learmouth. Melbourne, 1882. 


COMMISSIONER FOR VICTORIA. 


Geological map of the Ararat Gold Field. Melbourne, 1875. 
COMMISSIONER FOR VICTORIA. 


Geological map of the Ballarat Gold Field. Melbourne, 1874. 

CoMMISSIONER FOR VICTORIA. 
Geological map of the Creswick Gold Field. Melbourne, 1880. 

CoMMISSIONER FOR VICTORIA. 
Jeological map of the Sandhurst Gold Field, Melbourne, 1873. 

CoMMISSIONER FOR VICTORIA. 
Geological map of the Stawell Gold Field. Melbourne, 1878. 

CoMMISSIONER FOR VICTORIA. 
(ieological sketch-map of the Parish of Beechworth. Melbourne, 1871. 

COMMISSIONER FOR VICTORIA. 
Geological map of the districts of Hartley, Bowenfells, Wullerawang and Rydal. Sydney, 


1875. 
CoMMISSIONER FOR New Soutrn WateEs. 


Geological map of the Forest Reefs Gold Field. Sydney, 1881. 
CoMMISSIONER FoR Nrew Sourm Wates. 
Geological map of the town and environs of Young. Sydney, 1879. 
CoMMISSIONER FoR NEw Soutm WA tes. 
Geological sketch-map of New South Wales, compiled from the original map of the late 
Revd. W. B. Clarke. By C.S. Wilkinson. Sydney, 1880. 
CoMMISSIONER FoR New Sourn Wass. 
Geological sketch-map of the Oberon district, by C.S. Wilkinson. Sydney, 1877. 
CoMMISSIONER FoR New Soutn Wass. 
Map of New South Wales, Australia, showing the localities of the principal minerals. 
Compiled by J. Tayler; revised and corrected to date by C. S. Wilkinson. 


Sydney. No date. 
CoMMISSIONER FoR New Sourn Wates. 
Plan showing where the diagrams have been taken, and the extent of the New South Wales 
Coal Field as far as at present examined by John Mackenzie. Sydney, 
1879. 
CoMMIssionEE ror New Sourn Watzs. 
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On the microscopic structure of some Arvili rocks, by CotoneEL C. A. McManon, 
F.G.S. (With a plate.) 


Dost. 

Dosi, an isolated hill within the Arvali area,! between Narnoul and Khietri, 
rises more than 1,000 feet above the neighbouring plain,? and forms a striking 
object for many miles around. Its steep sloping sides and cup-like top give 
the hill an appearance not altogether unlike a volcano. 

It is curious how prone some people are to think that every cup-like depres- 
sion observed on the crest or spur of a mountain is an old crater. 1 have 
several times been asked whether Kajiar, a beautiful glade in the forest within 
9 miles of Dalhousie, is not an old volcano, although there is not a modern 
volcanic rock in the whole district, and the upper silurian, or pre-carboniferous, 
altered basalts are many miles distant. 

In the case of Kajiar and Dosi, the formation of these cup-like depressions 
seems to be in great part due to what one may call the eccentricities of sub-aérial 
decay. Crystalline rocks, apparently composed of exactly the same materials, 
and struck out of the same mould, as it were, vary very capriciously within a few 
yards in their power of resisting the elements of decay. 

Many curious instances of this are to be seen at Dosi, where deep grooves, 
several feet in depth and in diameter, have been carved out of the sides and faces 
of huge granitic blocks by sand-laden wind aided by the selective agency of 
natural decay, When they are of small size, they remind one very much of the 
pot-holes and furrows, formed by the action of water, so often to be scen carved 
on boulders in the beds of Himalayan rivers; but such agency is of course not to 
be thought of in the case of rocks on the top of an isolated hill, like Dosi, situ- 
ated in a sub-desert tract, where the rainfall is very small, Moreover, in some 
of those carved horizontally out of the face of a rock the deepest portion is at 
times connected with the top and not with the bottom of the groove. 


2 Described by Mr. C. A. Hacket in his paper On the Geology of the Arvdli region, Central 
and Kastern, Records XIV, 279. 


7 The point I reached, which was not, I think, the highest, was 2,110 feet above the sea by my 
Aneroid barometer and 1,110 feet above the village at its foot where the ascent commenced. 
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Nor is it necessary to call in the agency of water to explain the formation of 
these grooves. In the Dosi region, fierce westerly winds, heavily laden with sand 
from the neighbouring plains, prevail for many months during the year. Gullies 
amongst the rocks bring heavy gusts of wind to a focus, as it were, and make 
them do the work of sand-blast boring machines. 

In the neighbourhood of Dosi and Narnoul, the hills, some of them consist- 
ing largely of actinolite schists, are traversed in all directions, but generally more 
or less across the strike of the strata, by dykes of white granite, It is a very 
coarse-grained rock consisting principally of felspar and quartz with occasional 
lumps of schorl 2 or 3 inches in diameter. Mica (white muscovite) is rather 
rare, but here and there it is well developed. Some of the quartz grains are 
larger than oranges, and I measured one 7 inches across. 

Dosi itself is composed wholly of the rock, about to be described, which is 
marked gneiss on the map which accompanies Mr. Hacket’s paper on the geology 
of the Arv4li region. It is a fine-grained rock of pale pinkish buff colour com- 
posed of quartz, felspar, black miva and black hornblende, the latter predominat- 
ing over the mica. 

A general parallelism in the arrangement of the hornblende and mica, and 
which coincides with the strike of the sedimentary strata in the neighbourhood, 
is observable in the field on a careful inspection. Sometimes the rock weathers 
out into smooth massive blocks, like true granite, at others it becomes slightly 
furrowed on the surface, the furrows striking north-east 15° east. 

M.—Nos. 1, 2, 3, and 4. The following is a description of the structure of 
the Dosi rock as seen in thin slices under the microscope. These slices contain 
quartz, orthoclase, plagioclase, microcline, black mica, hornblende, micro-garnets, 
and a little magnetite. 

The quartz is about as abundant as the felspar. Triclinic felspar is very 
plentiful, and there are numerous pieces of microcline, but none of them are of 
large size. Prismatic cleavage is frequently well exhibited in the orthoclase. 

The quartz contains multitudes of liquid enclosures with fixed and movable 
bubbles, and in many, crystals have been deposited on the cooling of the liquid, 
as shown at figs. 23, 30, 31, 32, and 34. The enclosure depicted at fig. 23 con- 
tains a crystal and two bubbles. The right-hand one, which is a gas bubble, 
certainly moves, though the movement is confined to contracted limits; the left- 
hand one, which appears to be an ordinary vacuum bubble, is either fixed, or its 
vibrations are so circumscribed that I could not feel sure that it really moved. 

Figs. 30, 31, 32, and 34 of the plate which accompanies this paper may be 
usefully compared with figs. 79, 80, 81, and 83, Plate XVIII, Q. J. G. S., Vol. 
XIV, which accompanies Dr. Sorby’s paper on the microscopical structure of 
crystals, and which depict similar liquid cavities found in nepheline blocks 
ejected from Vesuvius. 

The quartz of the Dosi rock contains numerons liquid cavities with gas bubbles. 
One of the latter type is sketched at fig. 33. 

At fig. 35 I have depicted a liquid cavity contained within a negative quartz 
crystal ; that is to say, the cavity has assumed the shape of a small quartz crystal 
with bi-pyramidal terminations. There is uo doubt about ita being a liquid 
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cavity as the bubble is a movable one. Cavities of this character seem to prove 
that the quartz was in a state of flux, as does also the presence of some perfectly 
hexagonal microlithic plates of mica enclosed in it here and there. 

Fig. 35 of the plate attached to this paper may be compared with fig. 114 of 
Plate XIX of Dr. Sorby’s paper just referred to. Tho latter represents a liquid 
cavity, in the shape of a quartz crystal, containing a bubble and a deposited 
crystal. The cavity was observed in the quartz of the granite from the Ding 
Dong mine near Penzance. 

Some of the bubbles in the liquid cavities observed in the Dosi rock appear to 
be ordinary vacuum bubbles, but many of them are gas. The latter are quite 
round, but occupy a much larger area relative to the size of the cavity than the 
vacuum bubbles and affect light differently. 

In one enclosure, which I have not sketched, the crystal deposited within it 
is distinctly cubical and is probably sodium chloride: those depicted in figs. 30 
31, and 32 are corroded like the one represented at fig. 55, Plate XVII of Dr. 
Sorby’s paper already quoted. 

For the sake of comparison, I have studied some thin slices of typical rocks 
from Scotland prepared by Mr. J. M. Bryson, of 60, Princes Street, Edinburgh, 
from specimens selected for him by Professor Giekie. In them I find very simi- 
lar objects to those described in the preceding pages. Fig. 241s a liquid cavity 
containing a bubble and a crystal probably of sodium chloride, and fig. 25 repre- 
sents a gas inclusion, both taken from granite invading metamorphosed lower 
silurian rocks. 

In the Aberdeen granite, microliths, many of them apparently of quartz with 
bi-pyramidal terminations rounded or more or less modified, are very abundant 
in the quartz and felspar. They contain shrinkage cracks and cavities and 
lacuns with fixed and movable bubbles. Figs. 26, 27, 28, and 29 are taken from’ 
the Aberdeen slice. Exactly similar bodies are common in the gneissose granites 
of the North-West Himalayas, and figs. 26—29 may be usefully compared with 
figs. 11 ard 20 of the plate annexed to my paper in the last number. 

Fig. 16 is the sketch of a stone enclosure found in the Dosi rock under descrip- 
tion. It is a round mass of coloured crystalline matter enclosed in limpid 
colourless quartz. It contains four fixed bubbles of different sizes. 

Such cases as those illustrated by figs. 16 and 35, taken in connection with the 
other illustrations, prove, I think conclusively, that the Dosi rock passed through 
a stage of aqueo-igneous fusion. 

Under the microscope, no difference in structure can be detected between the 
Dosi rock and the intrusive granite of Aberdeen with which it has been com- 
pared, but nevertheless I hesitate to class the former as a true granite. Tho 
evidence shows at all events that either the Dosi rock is a true syenitic granite, 
or the metamorphism of a crystalline rock of the Dosi type is the result of aqueo- 
igneous agencies sufficiently powerful to flux the materials, 


Delhi quarizites. 


Nos. 5, 6, and 7 are from the rocky ridge to the north of Delhi, where our 
army took up its position during the memorable siege of 1857. These quartzites 
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range in colour from a light to a dark grey. With the aid of a pocket lens, very 
minute specks of dark mica, and of iron, may be discerned disseminated through 
then; and owing to the abundance of the iron, long tear drops may very fre. 
quently be observed coursing down the faces of weathered blocks. These rusty- 
looking streaks are formed by rain trickling down the sides of blocks and causing 
the peroxidation of the iron contained in the rock in the form of magnetite. 

M.—These slices are seen under the microscope to contain numerous flakes of 
a colourless mica, minute garnets, prisms of schorl and micro sphenes. There are 
also rounded microliths of dark mica. Magnetite and much red and yellow 
ferrite are also present. Some of the garnets are much corroded at the edges, 
and altercd into ferrite and into a greenish fibrous dichroic material. 

The Delhi quartzite is an extremely interesting rock, as it contains evidence 
of having been subjected to great heat, sufficient to have allowed considerable 
freedom of motion amongst its constituent molecules. Microliths contain what 
arc to all appearance shrinkage cavities, as for instance figs. 17, 18, and 21; 
very minute indeed, but still comparable with such illustrations taken from the 
Aberdeen granite as figs, 27 and 28. The evidence afforded by these micro- 
liths, however, is by no means conclusive, as in the case of a quartzite one might 
suppose that these bodies appertain to the quartz grains of the original sandstone, 
and that the latter were derived from some ancient granite and retained within 
them the stamp of their eruptive origin. But this cause of doubt is, I think, 
removed by the cumulative evidence afforded by the other objects about to be 
described, and by the fact that all trace of the quartz grains of the original 
sandstone from which the Delhi quartzite has been derived has been obli- 
terated. 

That the molecules of matter contained in the Delhi quartzite enjoyed con- 
siderable freedom of action is, I think, shown by such objects as those depicted at 
figs. 11, 12, 18, 17, 20, 21, and 22. 

Figs. 12 and 17 illustrate the case of opacite drawn towards and attached 
to microliths, which in the former case had certainly formed before the opacite. 
Figs. 20 and 21 represent microliths, in the former case quartz and in the 
latter mica, which have caught up micro crystals and opacite, and have retained 
them in their embrace on consolidation. Similar bodies have also formed on the 
outside of the microlith depicted at fig. 20, and the latter also contains a fixed 
bubble. These objects very closely simulate the appearance of true stone cavities. 

Fig. 13 represents an opaque crystal embraced by a flake of mica; fig. 22 
is an air, or gas, bubble surrounded by a ring of coloured mineral matter ; whilst 
fig. 11 is an air bubble partially clasped by minerals. 

Fig. 19 is the representation of a liquid cavity of imperfect hexagonal shape, 
the imperfection of the shape being probably due to the fact that the slice was 
not taken at right angles to the axis of the cavity. I observed many liquid lacunse 
of hexagonal shape in the quartz of slice No. 6, with movable bubbles in them, 
and their presence seems to show that the quartz prior to final consolidation 
was in a fused or plastic condition. 

The cavity depicted at fig. 19 contains two liquids, and an inner bubble 
that is in a state of violent activity, dashing about from side to side in the wildest 
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possible way. The smaller drop of liquid is apparently carbon dioxide, as the 
movable bubble temporarily disappeared on the application of very low heat. 

Ordinary fluid cavities with movable bubbles are extremely numerous 
throughout the quartzite. 


Tusham 


The village of Tushém is situated about 14 miles to the north-west of the 
town of Bhewini, and about 85 miles west 11° north of Delhi. 

The village nestles on the eastern side of a low rocky ridge under 2 miles in 
length, which, towards its centre, rises to a height of 630 feet above the adjoining 
plain and culminates in a conical hill that forms a striking land mark for 20 
miles around. 

The summit is difficult of access and is crowned by the ruins of a small fort, 
the building of which is popularly attributed to Raja Pithora. 

Small caverns in the rocky side of the hill, partially filled with water, aro 
considered peculiarly holy pools, and are visited by a number of pilgrims; three 
“melas,” or religious fairs, being held during the year. 

There are three rock inscriptions ? at Tushém which, in General Cunningham’s® 
opinion, belong to the time of the later Indo-Scythian Princes, and were cut between 
A.D. 57—69. 

The eastern flank of Tushém is composed of chiastolite schists, the dip of 
which is either vertical, or extremely high west 11° north to west-north-west, and 
the strike of which ranges from north 5° east, on the north-east extremity, to 
north-north-east at the south-east end of the outcrop. To the west of these 
schists there follow pale grey argillaceous beds containing numerous small frag- 
ments of quartz, and traversed in all directions by red ferruginous lines. 

The centre and western side of the ridge is composed of felsites, or micro-— 
quartz porphyries, described further on. I was for some time doubtful whether 
these rocks were of igneous or of metamorphic origin, and thought they might 
represent beds similar to the argillaceous gritty rocks, alluded to in the last 
paragraph, in a more advanced stage of metamorphism; but now that I have 
examined thin slices of them under the microscope, I am satisfied that they aro 
of igneous origin. 

I may note in passing that whilst the specific gravity of the argillaceous rock 
referred to is as high as 2°95, that of the felsites ranges from 2°63 to 2°77 and 
averages 2°71. 

Two dykes of quartz porphyry traverse the ridge, one on the eastern and the 
other on the north-western side. The latter cuts across the ridge from the north- 
west to the north-east side, The dykes are not parallel to each other, but their 
strike diverges at an angle of 46°. The eastern dyke cuts obliquely across the 
bedded rocks at a low angle; it throws out a tongue into the adjoining rocks, at 


? Tushém ‘and the neighbouring hills described in the following pages are coloured as gneiss 
on the map which accompanies Mr. Hacket’s paper on the Arvdli region, Central and Eastern. 
Records, X1V, 279. 

2 One of these is said, in the Archwological Report, to be cut on basalt. 

5 Repert, Archxological Survey of India, Vol. V, p. 136. 
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right angles to the direction of the dyke, and in another place, near the edge of 
the dyke, encloses a mass of them. The quartz porphyry is clearly an intrusive 
rock. 

Granite crops out on the southern, south-western, and western flanks of the 
hill, whilst the northern portion of the ridge is traversed by granite veins rang- 
ing from a few inches to a few feet in thickness. Some of them cut across the 
strike of the other rocks. About a mile or so to the east of Tusham there is a 
small isolated hill of granitoid quartz porphyry. 

I now pass on to describe briefly the characteristics of some of the Tushiém 
specimens as seen in thin slices under the microscope. 


Chiastolite schist. 


No. 8.—Chiastolite schist from the south-east side of the Tushém ridge. A 
reddish-brown rock, with numerous minute plates of mica glistening on the sur- 
face, and in which radiating crystals of chiastolite are imbedded. 

M.—The ground mass contains numerous shapeless grains of magnetite, and 
it is much stained with red and yellow ferrite. It is seen to be composed of 
quartz in grains, but the structure of the rock is very much obscured by the 
presence of a considerable quantity of iron. Most of it isin the form of hema- 
tite, rounded or imperfect hexagonal disks of the blood-red mineral being 
abundant. 

The chiastolite crystals present nothing unusual in their appearance. 

I failed to find gas or liquid cavities in the quartz. 


Quartz porphyry. 

Nos. 9-14. Sp. G. 2°67.—In a ground mass which appears compact to the 
unaided eye, numerous and rather large crystals of quartz and felspar are por- 
phyritically imbedded. Some of the felspar crystals are an inch in length. 
With the aid of a lens, the ground mass appears to be a mottled mixture of felspar 
and dark mica. The pyramidal ends of some of the quartz crystals, nearly 
perfect in form, stand sharply out from the fractured surface of one of the hand 
specimens. 

M.—The ground mass under the microscope is seen to vary in structure from 
micro-felsitic to micro-granitic. There appears to be a tendency in the material 
of the ground mass to arrange itself in concentric and radiating structures ; 
nothing definite has resulted, however, from this tendency but shadowy phan- 
toms that suggest rather than possess distinct forms. 

There are two imperfectly shaped pieces of hornblende ranging from 
reddish-brown to greenish-brown colour in transmitted light. Dark mica is 
very abundant partly in congeries of small flakes and partly in stalk-like or quasi- 
prismatic forms. The latter look, at first sight, very much like microliths of 
hornblende, but they are of exactly the same colour as the mica, and I can dis- 
cover no reason for distinguishing them from that mineral. They are so thin 
that between crossed nicols their optical properties are swamped in those of the 
matrix in which they are imbedded, and the usual teste for ene horn- 
blende from dark mica cannot be applied, 
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Some of the mica is evidently of secondary origin and replaces other minerals 
the crystallographic outlines of which remain. 

The slices contain some ilmenite. Gas cavities, and hquid lacunm are very 
abundant in the quartz. At fig. 14 I have depicted a liquid cavity containing 
what is apparently a corroded crystal of sodium chloride together with two 
bubbles, the larger of which is distinctly movable. It is very unusual to meet 
with a plurality of bubbles in liquid cavities ; but this case, and that represented 
at fig. 23, show that such instances do occur. 

The porphyritic crystals of felspar are partly orthoclase and partly plagioclase. 
They are much altered and kaolinized. 

The quartz crystals are in part rounded and are much corroded, containing 
the inclusions of the ground mass so characteristic of the quartz of quartz 
porphyries. A sketch of one of them is given at fig. 10. In the uncorroded 
portions the crystallographic form of the mineral is well preserved. Many of 
the quartz crystals are fringed with a thin border of mica. 

The rock is a quartz porphyry on the border line of the granite por- 
phyries. 

No. 15. Sp. G. 2°60.—This specimen was taken from a tongue of the quartz 
porphyry dyke, above described, which protrudes into the adjoining rocks at 
right angles to the course of the dyke. The matrix of this specimen is perfectly 
compact, even when examined with a lens, but the rock does not differ in other 
respects from that just described. 

M.—The ground mass is micro-felsitic, but between crossed nicols it haa a 
spotted, mottled appearance, as if it were made up principally of imperfectly 
developed granules of felspar. 

The porphyritic crystals of felspar are much decomposed and have to a con- 
siderable extent been converted into kaolin. Here and there patches of chlorite 
and a mineral that looks like pinite occur in them. Some of the felspars exhibit 
the characteristic twinning of the triclinic system. 

There are several large micas in this slice of greenish colour in transmitted 
light, but they are much corroded and eaten into. The principal part of the mica 
present in the slice, however, exists rather in the form of micaceous matter than 
in well-shaped leaves or crystals, and is dappled over the ground mass in finely 
granular masses which exhibit no definite shape under the microscope, and only 
show dichroism, here and there, when in thicker masses than usual. 

Gas inclusions are extremely numerous in the quartz. Liquid cavities with 
movable bubbies are less abundant than in the other slices of the quartz porphyry 
(Nos. 9-14), and they are of smaller size. 

The slice is stained, here and there, red and yellow with ferrite, and contains 
a few small grains of magnetite or ilmenite. 

The porphyritic quartz crystals are to some extent corroded, but on the whole 
they exhibit sharply defined crystallographic forms. 

MM. Fouque and Michel-Lévy in their Minéralogie Micrographique give 
expression to the view that the porphyritic crystals of quartz in quartz porphyry 
belong to the first epoch of consolidation ; the partial rounding of the porphyritic 
crystals and the inclusion of portions of the ground mass by the quartz they 
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attribute to the corrosion of the crystals due to mechanical and chemical 
action.! 

A study of the rocks described in this paper has convinced me of the sound- 
ness of this view, and has satisfied me that the inclusions of the ground mass visible 
in the quartz crystals, in the Specimens now described, are due to corrosion, or 
partial remelting, and not to imperfect crystallization consequent on rapid cooling. 

The matrix of the hand specimen taken from the thin tongue protruded into 
the adjacent rocks is perfectly compact, even when viewed with a powerful pocket 
lens, whereas that taken from the body of the dyke appears, under the same lens, 
to be micro-granitic rather than compact,—a difference attributable, I presume, 
to the fact that the thin tongue cooled more rapidly than the main dyke. If the 
porphyritic crystals were formed after the intrusion of the quartz porphyry, one 
would expect to see a marked difference between those in the tongue and those 
in the main dyke, corresponding to the difference observable in the matrix of the 
specimens from the two localities. One would, also, expect to see inclusions of 
the ground mass more common, and crystallographic outlines less frequent in the 
former than in the latter. No such difference however is to be discerned. Sharp 
well-defined crystallographic outlines are not rare in the quartz of the specimen 
from the tongue; whilst the crystals in the main dyke are quite as much corroded 
as any in the tongue, 

Figs. 8 and 10 of the plate attached to this paper may be usefully compared 
with fig. 43, p. 189 of MM. Fougqte and Michel-Levy’s work above quoted. 


Felsites—Tusham. 


Ten thin slices taken from five hand specimens have been examined. The 
specific gravity of the latter ranges as follows :— 


No. 16 , ° ; . . , . ‘ ° 2°72 
» 18 : . ‘ . : . : . ° 2°76 
» 20 : : , : : . ‘ . A 2°68 
» 22 . ; . . ‘ ° ° . : 2°63 


» 24 ° ; . . . . : , . 277 

The specific gravity of No, 24 is rather high, owing to the large amount of 
magnetite present in the rock. 

The mean specific gravity of these five specimens is 2°71. The specific 
gravity of felsites according to J. D. Dana (Manual of Geology) ranges from 
2°6 to 2°7 and according to B. von Cotta (Rocks Classified and Described) from 
2°09 to 2°7; that of the specimens described in the following pages, therefore, 
agrees well with the above authorities. 

Nos. 16 and 17.—A compact rock of dull brownish-red colour mottled with 
dark grey. With the aid of a lens, grains of free quartz are seen to be freely 
sprinkled about in the matrix. Some mica and minute specks of iron are also to 
be seen. 

M.—The ground mass is micro-felsitic. Between crossed nicols the particles 
which show colour do not exhibit any tendency to that parallelism of arrange- 


? See also Professor Judd’s and Mr Cole’s remarks in their paper on Basalt-glaes. Q. J. G.8S 
XXXIK, p. 459. ‘ ° 
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ments which is so characteristic of slates. The matrix is, as is often seen in 
quartz porphyries, blotchy in appearance, and is not of that uniform structure 
gentrally observed in slaty rocks. 

In ordinary transmitted light the ground mass appears to be formed of two 
magmas imperfectly blended together, which differ from each other sufficiently 
in colour to render the fluxion structure of the rock visible. The comparatively 
colourless magma appears to contain more quartz than the buff coloured fels- 
pathic magma. 

In my paper on the gneissose granites of the North-West Himalayas, I noted 
an instance of grains of magnetite being involved in strings of red ferrite in a 
way to exhibit fluxion. (See fig. 14, Records, XVII, p. 72.) 

In this slice a very similar instance occurs which I have sketched at fig. 9. 
The red ferrite has evidently been derived from the magnetite, and then, in the 
way suggested in my last quoted paper, the ferrite and the magnetite have been 
drawn out into strings during the subsequent motion of the mass. The ferrito 
has not, in this case, been formed in situ by the action of water flowing past tho 
strings of magnetite. Fig. 9 should be compared with the description given 
in the paper referred to. 

The slices contained a considerable amount of magnetite and a little hamatite 
or giéthite. 

There are no porphyritic crystals of felspar, but crystals of quartz are numer- 
ous. They are in part rounded and corroded, though several of them present 
very perfect crystallographic outlines. The quartz contains numerous liquid 
cavities with movable bubbles and gas inclusions. 

Thin rounded microliths are abundant, here and there, in the ground mass; 
they are either colourless, or of very pale green colour, and exhibit no dichroism, 
their optical properties being overpowered by the matrix in which they are im.’ 
bedded. At times they radiate from a centre in a way that reminds one forcibly 
of the augite microliths of the pitchstone of Arran. 

Nos. 18 and 19.—A dark grey compact rock with minute blebs of quartz 
visible here and there in it. 

M.—The ground mass is micro-felsitic, and faint traces of fluxion structure may 
be made out in it. Porphyritic crystals of quartz are numcronus. Some of them 
exhibit very perfect crystallographic outlines, but others are rounded and corroded. 
A few are in the form of prisms with pyramidal terminations. 

The slice contains one or two fragments of schorl. What appear from their 
colour to have been crystals of hornblende are replaced by delessite or an allied 
mineral, quartz, and a little ferrite. The delessite is also dappled about over 
the slice. 

A little magnetite is present, but it has for the most part been converted into 
red ferrite. There are one or two leaves of mica. 

The quartz contains air inclusions and liquid cavities with movable and fixed 
bubbles. 

Nos. 20 and 21.—A light grey compact rock with minute facets of quartz 
visible here and there in it. With a lens, some of these quartz crystals aro 
seen to have very perfect forms, whilst others are rounded. Little cavities have 
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been created, here and there, by the decomposition and removal of the iron. The 
specimen very much resembles an acid lava in appearance. 

M.—In general characteristics these slices are like those last: described, exéept 
that they neither contain schorl nor delessite pseudomorphs ; all trace of fluxion 
structure is also wanting. Somo of the porphyritic crystals of quartz in these 
slices are very remarkable objects ; instead of being clear single crystals, like those 
in the other slices, they contain strings of muscovite microliths, and are com- 
pounded of countless granules of quartz. This is all the more remarkable as the 
exterior crystallographic outline of these crystals is, in some cases, very sharply 
defined. In the field of the microscope these compound crystals have a striking 
resemblance to the quartz of such granites as the gneissose granites of the North- 
West Himalayas, in which the quartz exhibits a polysynthetic structure, and in 
which muscovite microliths are often abundant. The presence of compound crys- 
tal of this character is not inconsistent with, but is, on the contrary, explained 
by the theory that they belong to the first epoch of consolidation, for it is open to 
us to suppose that after the rock began to consolidate as granite it was put in 
motion and partially remelted. 

Mapnetite, converted in part into red ferrite im situ, is abundant in these slices, 
and numerous specks of it are present in the compound quartz crystals above 
described. 

Liquid cavities with movable bubbles are plentiful in the quartz. In one liquid 
cavity I observed an inner liquid globule containing a violently active bubble. 
The liquid globule is probably carbon dioxide. 

Nos. 22 and 23.—A dark grey compact rock, with minute blebs of quartz 
visible here and there. It weathers to a light brown the weathered portion 
forming a sort of rind more than a quarter of an inch thick. This is probably 
the rock called basalt in the Archsological Report (foot-nole, ante). 

M.—The ground mass is micro-felsitic, and the porphyritic crystals consist 
of quartz and felspar. Both plagioclase and orthoclase are present, but the crys- 
tals are not all fresh, many of the larger ones having been converted in part 
into a chloritic mineral. There are also some crystals which appear to be pseudo- 
morphs after hornblende, the latter mineral having been wholly converted into 
viridite. The quartz crystals are, as usual, in part rounded and corroded; the 
other portions exhibiting sharp crystallographic outlhmes. A sketch of one of 
these crystals, taken from this slice, is given at fig. 8. This quartz was appa- 
rently at one time a prism with pyramidal terminations at both ends. The lower 
pyramid has been wholly eaten away, the top pyramid has lost its apex, and one 
side of the prism has been deeply corroded. The dotted lines in the sketch indi- 
cate the portions that have been removed. 

Nos. 24 and 25.---A compact rock with minute blebs of quart# visible here 
and there. It has a mottled appearance. 

M.—The ground mass is, as in the case of the other specimens, micro-felsitic. 
Fluxion structure is to be traced, but it is not marked. 

Magnetite is very abundant in the slice, being present in well-shaped cubes 
and octahedrons. Many of these have been peroxidised into ferrite of a brilliant 
red. colour without the loss of their characteristic crystallographic outlines. The 
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magnetite and ferrite give evidence, in the way they arc grouped and arranged, of 
the flow of the ground mass. 

These slices contain some leaves of a colourless mica, apparently muscovite, 
and a fragment of an altered mineral resembling hornblende. 

Quartz is the only porphyritic mineral in this slice. It contains very numer- 
ous liquid cavities with bubbles and some gas cavities; also fine hair-like colour- 
less belonites similar to those so often seen in the quartz of granite. 


Tusham granite. 


No. 26.—A coarse-grained rock extremely rich in schorl and in muscovite. 

M.—Owing to the friable character of the rock, only a thick slico could bo 
obtained, so thick that the felspar and schorl are quite opaque. The felspar is 
stuined red and yellow with ferrite. 

The quartz and felspar are very much intergrown, and somo of the smaller 
crystals of the former exhibit hexagonal outlines, showing that they belong to the 
first epoch of consolidation, and that the granite cxhibits a transitional stago 
between a normal granite and a quartz porphyry. 

The quartz contains gas and liquid cavities, 

No. 27.—This specimen generally resembles No. 26, but a black mica is sub- 
stituted for muscovite, Itis present in considerable abundance, but in small 
packets. Schorl is absent. This rock which comes from a different part of tho 
hill to No. 26 is so friable that only a very thick slice could be made, It is so 
thick that no observations worth noting could be obtained under tho micro- 
scope. 

Hills near Tusham. 


No, 28,—A fine-grained granite composed of felspar, quartz, and black mica. 

M.—The felspar is of two, if not three kinds: plagioclase and orthoclase are 
both present, whilst the foliated mineral, described in detail further on, and which 
I regard as microcline, is abundant. 

Quartz of both the first and second epoch of consolidation is present; the 
former is in polyhedric grains mixed up with or enclosed in other minerals. One 
caught up in felspar is a perfect prism with pyramidal terminations at both ends; 
whilst many others give more or less perfect six-sided sections. The quartz of 
the second epoch of consolidation is in large grains moulded on the other minerals. 
Globules, or rounded disks of quartz, areabundantly scattered through the ground 
mass. These disks are very characteristic of these rocks and of the Khénak and 
Deosir granitoid quartz porphyries, to be described in the following pages. Some- 
times they are seen to be merely thin disks without any tangible thickness; for 
they are seen to overlap each other, as in the south-east enclosire of fig. 5, or to 
lie one upon the other, as in the south-west enclosure of fig. 5, presenting in the 
latter case the appearance of an inclusion within an inclusion. Fig. 5, alluded to 
above, is a grain of quartz in this slice containing globulites, magnified 250 dia- 
meters. 

Grains of quartz are often stuffed with these disks, as represented at figs. 7 
and 15, both of which are taken from slices Nos. 28 and 29. The felsitic ground 
mass contains multitudes of them, and some, if not all, must belong to the second 
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epoch of consolidation, for they frequently dwindle rapidly im size as they 
approach the edge of porphyritic crystals of felspar. Fig. 6 is given to illustrate 
this tendency. The sketch represents a portion of the felsitic ground mass, the 
lower or southern margin of which abuts on a large felspar crystal which appears 
to have exercised an influence on the formation of the globular disks comparable 
with that of stratified rocks on sheets of basalt intruded into them; a dwindling 
in the size of the basaltic crystals being frequently observed towards the edges of 
intruded sheets. 

That the globular disks, however, were not the last mineral to crystallize is 
clear, for masses of them are sometimes included in felspar crystals and are 
arranged in lines which conform rigidly to the crystallographic form of the 
felspar. 

The mica appears to be biotite, and some magnetite is associated with it. 

Gas cavities predominate over liquid cavities, but the latter are also present 
in some abundance. Many of the cavities are in polyhedric forms. At fig. 1 
I have depicted one of imperfect hexagonal shape containing a cube of sodium 
chloride and a movable bubble. 

Some of the quartz contains hair-like microliths of schorl. 

This specimen approximates to a true granite. 

No. 29,—A pinkish fine-grained granite. The pinkish colour is due to the 
rosy tint of much of the quartz. Some of the felspar is of dull greenish colour. 
Black mica is abundant. 

M.—This appears to be a transitional form between a normal granite and a 
granite-porphyry. 

The magma is composed of an extremely fine-grained mixture of quartz and 
felspar. The quartz is, for the most part, in rounded globules, which vary 
greatly in size, some being mere dots, whilst some here and there, especially 
when crowded closely together, present imperfect hexagonal outlines. They 
remind me much of the fish-roe grains of the Dalhousie gneissose granite. 

In the ground mass, large crystalline fragments of felspar, quartz and leaves 
of dark mica, resembling biotite, are imbedded. 

The mica was evidently formed after the micro-crystals of quartz; for it 
encloses granules of that mineral and it is moulded upon other grains of quartz, 
some of which present hexagonal outlines. 

Orthoclase, plagioclase, and microcline are present; the latter, which is typi- 
cally developed, is abundant. It occurs both as a component of the ground mass 
and in large crystals. None of the felspar presents external crystallographic out- 
lines. 

Rounded and hexagonal grains of quartz of moderate size, which form a por- 
tion of the magma, and crystals of felspar, are stuffed with minute rounded 
globules or disks of quartz, like eggs in the roe of a fish; whilst some of these 
globules of microscopic proportions themselves contain other globules still more 
minute, 

Some of the quartz grains contain tabular inclusions of red ferrite, probably 
hematite, and to its presence I attribute the rosy tints of some of the quartz aa 
when viewed macroscopically, 
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One of the grains contains hair-like microliths that may be rutile. 

Liquid cavities are numerous in some of the large quartz granules, whilst gas 
cavities are abundant in all. Some of the cavities contain a fixed bubble and 
deposited mineral matter of various kinds. 

One of the felspars contains a leaf of muscovite. 


The Khanak hills 3 miles north-west from Tusham. 


No. 30.—A fine-grained granite of whitish colour speckled with black. Black 
mica is abundant. 

M.—Triclinic felspar crystals are numerous, and equal, or nearly equal, in 
number those of orthoclase. Microcline is not present. The quartz belongs to 
two epochs of formation. Moderately sized grains, many of which exhibit six- 
sided figures, and some of which are enclosed in felspar, aro present, and also 
large pieces of quartz moulded on the other minerals. 

The slice contains numerous small garnets, and some apatite. Tho quartz 
abounds in liquid cavities with movable bubbles, gas cavities and liquid cavities 
with gas bubbles. One enclosnre is a very interesting one ; it contains an abraded 
cube, apparently of sodium chloride, a globule of liquid containing an inner 
bubble, and other inclusions. The liquid globule seems to be carbon dioxide. 
Another enclosure contains a bubble and three crystals ; whilst a third contains 
two bubbles, one a large gas one, and the other a small one of normal type. 

Hair-like belonites are present in the quartz and microliths containing pas and 
other cavities. 

The slice contains a good deal of magnetite or ilmenite for the most part asso- 
ciated with the dark mica. 

No. 31. Sp. G. 2°62.—A dark grey coloured rock, in which crystals of fel- 
spar, quartz and black mica are thickly imbedded in a grey compact matrix. 

M.—The ground mass is micro-felsitic and shows some feeble traces of fluxion 
structure. It contains orthoclase, plagioclase, and quartz porphyritically im- 
bedded in it. The quartz is rounded and corroded as in quartz felsites. Tho 
slice contains numerous garnets. 

Mica, brownish green in transmitted light, is very abundant. The leaves are 
grouped together, and some of them are well foliated. 

This slice, Nos. 28 and 29, and the other specimens about to be described, 
contain a mineral regarding which I have felt considerable doubt. It is either 
colourless or has the faintest possible brownish yellow tint in transmitted light. 
It exhibits no dichroism and polarises in brilliant colours more suggestive of 
pyroxene than microcline. It presents a very finely foliated appearance, perfectly 
straight and parallel lines traverse it, and are so crowded together that about 200 
of them may be counted in a single piece, Coarser but interrupted cleavage 
lines, in some specimens, cross these at an angle of about 82°. The negative axis 
is at high angle (from 80° to 99°) from the fine lines. The mineral is super- 
ficially corroded here and there, after the manner of felspars, and the corrosions 
exhibit a strong tendency to run with the fine lines. 

None of the pieces possess crystallographic outlines sufficiently definite or 
characteristic to help one to determine the nature of the mineral. 
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Between crossed nicols the mineral generally presents an unbroken sheet of 
colour, but occasionally the fine parallel stris exhibit colourless streaks between 
the lines of colour, but this is apparently the optical effect produced by the cleav- 
age planes on the transmitted polarised light, and is unlike the appearance pro- 
duced by the multiple twinning of triclinic felspars. Moreover, in the case of tri- 
clinic felspars, the negative axis is at a comparative low angle to the twinning planes. 

Pyroxene is sometimes found in granitic rocks (J. D. Dana’s Maunal, p. 219) 
and diallage has been observed in some granulites composed of diallage, triclinic 
felspar, quartz, garnet, and biotite (Geikie’s Text-Book of Geology, page 125). 
Viewed macroscopically, however, I can discover nothing in the hand specimens 
suggestive of pyroxene,—what is not quartz appears to be felspar. 

In my paper “On the Microscopic Structure of some Dalhousie rocks” (Re- 
cords, XVI, p. 131), I noted the occurrence of a fibrous felspar in those rocks, 
and quoted from Zirkel’s Microscopical Petrology of the 40th Parallel s notice of 
a similar felspar which occurs in the American rocks. 

The mineral now described differs from the Dalhousie one in that the fine 
parallel lines in the Arv&li mineral look less like fibres than cleavage planes; but 
still I think, on the whole, that the mimeral before me can only be a variety of 
microcline. 

The slice contains magnetite or ilmenite. A microlith, apparently of quartz, 
contains a liquid cavity, with a movable bubble. 

The quartz contains the usual liquid cavities. 

The microscopic examination of this slice shows that the rock is a quartz 
porphyry approaching to a granite porphyry. 

No. 32.—This specimen closely resembles the last, but the amorphous paste is, 
perhaps, less abundant. 

M.—Under the microscope this rock presents’ much the same appearance as 
the last, The porphyritic crystals of quartz and felspar are rounded and cor- 
roded, and contain inclusions of the ground mass. The fibrous felspar (micro- 
cline) is abundant. Flakes of mica are scattered through the ground mass in 
great numbers. 

Nigana hills, 7 miles south from Tushém. 

Nos, 33-38.—A pinkish rock closely resembling a granite. The felspathic 
ground mass is in this specimen at its minimum, 

M,—These slices present the general characteristics of the Khaénak rocks. Ii- 
quid cavities containing vacuum and gas bubbles are abundant. Some of the cavi- 
ties are of hexagonal shape. A great many of them contain deposited minerals 
as well as bubbles. One, containing three cubes and a bubble, is depicted at 
fig. 2. Ialso observed a microlith containing a stone enclosure. 

Microliths, probably of schorl, are abundant in the quartz. 

As in the other Khainak specimens, globules of quartz, some of which are of 
imperfeet hexagonal form, are abundant. 


Deosir, an isolated hill, about 4 miles south-west from Bhiwani 
Nos. 89.41.—A fine-grained granite of grey colour composed of quartz, fels- 
par, and black mica. Viewed macroscopically this appears to be a perfect granite. 
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M.—Under the microscope, this rock is seen to possess a micro-crystalline 
ground mass, in which large crystals of felspar, quartz, and biotite (?) are imbedded. 
The ground mass consists of a felspathic base in which myriads of quartz globu- 
lites are scattered about. Most of them present more or less roundod outlines, 
but some are roughly hexagonal or four-sided in shape. 

There are some micro-garnets, and a little schorl, blue in transmitted light, 
is seen in one of the slices. 

Porphyritic crystals are present which exhibit crystallographic outlines in 
part, whilst other portions of them are rounded, and contain inclusions of tho 
ground mass. 

Plagioclase and orthoclase are both present. The latter is very glassy and 
is undistinguishable from sanidine. 

Liquid cavities with bubbles are very numerous in the quartz, and many of 
them contain deposits of sodium chloride or other cubic salt. One containing a 
cube of the latter also contains a red liquid globule with an inner bubble. In 
some, as in the ease depicted at fig. 3, the crystallinc deposit nearly fills the 
whole cavity. In another case, sce fig. 4, gas and a crystalline deposit are in- 
cluded in the same cavity. These examples appear to indicate conditions of in- 
tense heat and great vonsequent solvent capacity in the liquid and gas. Some of 
the cavities are of rough hexagonal shape. 

The ground mass contains numerous dots of opacite. Fino hair-like micro- 
liths are common in some of the quartz. 


Hissar City Wall. 


Nos, 42-43.—The wall of the town of Hissar is built of blocks of rock from 
the neighbouring hills of Khanak or Nigana. The thin slices examined do not 
differ from those described in the preceding pages. 


Oonclusion. 


When I commenced the microscopical examination of the rocks described in 
the preceding pages, I though it probable that some affinity would bo detected 
between the Dosi syenitic granitoid gneiss and the granitoid rocks of Nigaéna, 
Khanak, and Deosir, but they proved to be altogether different. 

In the Dosi rock hornblende is a prominent feature, whereas in the rocks 
with which it has been compared, there is scarcely a trace of that mineral. 

The Dosi rock, moreover, is of granitic structure, whereas the Khanak rock, 
and its allies are quartz porphyries more or less approximating to, but never be- 
coming, true granites. 

In point of age there 1s probably a wide gulf between them. What the pre- 
cise geological age of the Khanak group may be, it is impossible to determine 
from the examination of the Tushim region alone, as the Khdnak rocks and 
their allies form isolated hills—small islands as it were—rising from a sea-like 
expanse of post-tertiary sandy soil, the long swelling waves of which, formed into 
a series of crests and troughs by the prevailing westerly winds, break like the 
swell of the ocean on their rocky shores. 
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Whether the Dosi syenitic granitoid gneiss is or is not an igneous rock is a 
question which must remain for the present an open one. It has its allies doubt- 
less further south, and the question must be decided in connection with them. 
Certain it is that the Dosi rock contains internal evidence of having been re- 
duced by aqueo-igneous agencies to a fused condition, and it does not differ in in- 
ternal structure from some Scotch eruptive rocks with which it has been com- 
pared. These circumstances, however, are not in themselves sufficient to deter- 
mine the question. The examination of the Delhi quartzite, detailed in this 
paper, shows that this rock also, regarding the sedimentary origin of which I 
presume there can be no doubt, was subjected to intense aqueo-igneous heat and 
reduced to a plastic condition. 

The microscopical examination of the Delhi quartzite is most instructive, for 
it shows that whilst we have at the one end of the metamorphic scale such rocks 
as the micaceous schist intercalated with unaltered limestones of the carbo- 
triassic series, alluded to in my paper on the gneissose granites of the North- 
West Himalayas, the metamorphism of which has evidently been brought about 
by aqueous agencies which required little heat for their accomplishment, at the 
other end of the scale we have very ancient rocks like the Delhi quartzite which 
have been subjected to intense plutonic heat. 

The Delhi quartzite, moreover, shows that evidence of fusion, taken alone, is 
not sufficient to enable us to say definitely whether a rock which exhibits it is an 
eruptive or a metamorphic rock. 

Evidence of fusion, however, is a point, the significance of which can hardly 
be over-cstimated. Combined with other evidence which would not in itself be 
conclusive, it may place the eruptive character of a rock beyond doubt; whilst, 
in doubtful cases, evidence of igneous fusion would, I think, narrow the issue to 
be determined to the question whether the rock under examination is an igneous 
one or a metamorphic rock of extreme geological age. 

Plutonic heat sufficient to reduce such a rock as a quartzite to a fused condi- 
tion must have occurred at a great depth, and a rock so deeply buried must have 
required ages to come to the surface. Hence evidence of igneous fusion in a 
metamorphic rock affords a strong presumption of great geological age. 

The difficulties which some geologists feel in believing in the existence of other 
than archean metamorphic rocks may possibly arise, it seems to me, from not 
sufficiently discriminating between plutonic metamorphism, like that exhibited by 
the Delhi quartzite, and the hypo-metamorphism of such rocks as the carbo- 
triassic mica schist, previously alluded to, which may be produced by aqueous 
agencies near the surface, without much heat, and which does not connote 
archeean age. 

But to return to the Arvéli rocks. Whilst I do not consider it desirable, for 
the reasons given above, to pronounce a definite opinion regarding the Dosi 
syenitic granitoid gneiss, on the other hand the microscopic examination of the 
Tushim, Khénak, and Deosir rocks has satisfied me that many of these, which 
I previously regarded as probably of metamorphic origin, are really eruptive rocks. 

The chiastolite schists and the indurated clays on the eastern flank of Tushém 
are of course sedimentary beds; but the rocks which compose the centre and 
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the western flank of the hill prove to be felsites or micro-quartz-porphynes, which 
contain internal evidence of their eruptive origin in the shape of fluxion structuro 
and other structural peculiarities. 

The Tushdim rocks are penetrated by pranito bosses and voins and by quartz 
porphyry dykes which are undoubtedly intrusive. 

A little hill close to Tushaim and the hills of Khanak, Nigdna, and Deosir aro 
evidently closely allied to the granite, the quartz porphyry, and the felsites of 
Tusham. Viewed macroscopically these rocks at first sight look like granites, 
but the aid of a pocket Icns enables one to detect more or less amorphc us paste in 
nearly all of them. Under the microscope they are seen to be quartz porphyries, 
which shade towards the granite porphyries on the one hand, and towards tho 
felsites on the other. Indeed the felsites of Tushim are micro-quartz-por- 
phyries. Under the microscope they are seen to be of precisely the same struc- 
ture as the Tushim quartz porphyry; the only difference being that in’ the 
former the grain is of microscopic fineness, and the porphyritic crystals extremely 
minute; whilst in the latter, the porphyritic erystals are of large size, and tho 
distinction between them and the amorphous ground mass is visible to the un- 
aided eye. 

The Nigana, Khanak, and Deosir rocks are also essentially quartz porphyrics 
in their structure, but the porphyritic crystuls are in size intermediate between 
those of the quartz porphyries and the felsites of Tushaim. The amorphous paste 
(ground mass), however, is relatively small in amount, and the resulting rock 
approximates in appcarance to a granite. That they are all eruptive rocks, and 
all more or less connected with each other, I see no reason to doubt. Fluxion 
structure, and the presence of minerals of the first and second epochs of consoli- 
dation, the former of which have been partially rounded, corroded, and eaten into, 
as in figs. 8 and 10 of the plate attached to this paper, seom to mo to offer decided 
indications of their eruptive origin. 


DESCRIPTION OF THE PLATE. 


Fig. 1.—A liquid cavity of imperfect hexagonal form, conta ining a movable 
bubble and a cube of sodium sulphide. Granitvid quartz-porphyry from hill 
near Tushan. Slice No. 28. 

Fig. 2.—Liquid cavity containing deposited mincrals and a bubble. Slices 
33—38. Granitoid quartz-porphyry. Nigana hills. 

Fig. 3.—Crystalline deposit nearly filling a liquid cavity. Granitvid jaavte: 
porphyry. Deosir. Slices 39—41. 

Fig. 4.—Crystalline deposit in gas cavity. Ib. 

Figs. 5, 6, and 7.—Rounded granules and disks of quartz scattered through 
the ground mass (fig. 5), and enclosed in quartz grains (figs.5 and 7). Slice 
No. 28. Granitoid quartz porphyry. Hill ncar Tushéin. 

Fig. 8.—Quartz crystal in part rounded and corroded. Slices 22 and 23. 
Felsite. Tusham. 

Fig. 9.—Grains of magnetite involved in a string of red ferrite. Slices 16 and 
17. Felsite. Tushim. 
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Fig. 10.—Quartz crystal partially rounded and corroded. Slices 9—14, 
Quartz porphyry. Tushdm. 

Fig. 11.—An air bubble attached to minerals, Slices 5—%. Delhi quartzites. 

Fig. 12.—Opacite drawn towards and attached to a microlith, Ib. 

Fig. 13.—An opaque crystal embraced by a flake of mica. 6. 

Fig. 14.—Liquid cavity with the bubbles (right hand one is movable) and 
a corroded crystal of sodium chloride. Slices 9—14. Quartz porphyry. Tushdm. 

Fig. 15.—Rounded disks of quartz and dots of opacite enclosed in a quartz 
grain. Slices 28 and 29. Granitoid quartz porphyry. Hill near Tusham. 

Fig. 16.—Coloured stone enclosure containing four fixed bubbles in the quartz 
of the Dosi syemtic granitoid gneiss. Slices 1—4. 

Figs. 17 and 18.—Microliths containing shrinkage cavities. Opacite has 
formed on that in fig. 17. Slices 5—7. Delhi quartzite. 

Fig. 19.—-Liquid cavity of hexagonal shape containing a globule of liquid 
carbon dioxide and inner movable bubble. Delhi quartzite. Ib. 

Figs. 20 and 21.—Microliths (20 of quartz and 21 of mica) which have caught 
up micro-crystals and opacite. Delhi quartzite. Ib. 

Fig. 22.—Air or gas bubble surrounded by a ring of coloured mineral matter. 
Delhi quartzite. Ib. 

Fig. 23.—A liquid cavity containing a crystal and two bubbles; the right 
hand one being a movable gas bubble. Dosi syenitic granitoid gneiss. 

Fig. 24.—Liquid cavity containing bubble and crystal from the quartz of 
granite invading lower silurian rocks, Aberdeen. 

Fig. 25.—Enclosure containing gas. Ib. 

Figs. 26, 27, 28, and 29.—Micro-crystals containing liquid cavities and shrink < 
age cracks in the Aberdeen granite referred to under fig. 24. 

Figs. 30, 31, and 32.—Liquid cavities in the Dosi syenitic granitoid gneiss in 
which crystals have been deposited on cooling. The cavities also contain bubbles. 

Fig. 33.—A gas inclusion in a liquid cavity. 6. 

Fig. 34.—Another liquid cavity in which a crystal has been deposited on 
cooling. 6. 

Fig. 35.—A liquid cavity in quartz which has taken the shape of a quartz 
crystal. The enclosed liquid contains a movable bubble. Ib. 


Section along the Indus from the Peshdwar valley to the Salt-range, by W. WaacEy, 
Pz.D., F.G.S2 


Having just returned from a little trip from Kélabégh up the Lun Valley to 
Kohat, and from there over the Kotal Pass into the Peshéwar valley, then back 
over the Meer Kulan, Pallosi, and Sundully Passes to Shadipur and down the 
Indus to Kélabagh, I hasten to communicate to you some of the results, as far as 
I am able to point them ont here in the field. 


a The figured section, with the brief description now published, was communicated to Dr. 
Oldham in the form of a letter some 12 years ago, when Dr. Waagen was attached to the Geological 
Survey of ludia. As an accurate representation, so far as the scale would admit, of a most inter- 
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One of the most interesting parts of the whole excursion certainly was the 
returning road down the Iudus, as this exhibited an uninterrupted section from 
the oldest to the youngest formations of the whole country, and it is principally this 
section, of which I send you enclosed a drawing, which I intend to describo more 
accurately. 

Starting from Julozai in the valley of the Cabul river, one has to traverse first 
a rather extensive plain, consisting entirely of debris, mostly of a red sandstone 
and marl mixed with fragments of black slate and quartzitic sandstone. As soon 
as one reaches the skirts of the hills down in a little ravine, a yellowish limestone 
with great masses of greenish flaggy shales and slates below crops out. The 
slates continue, changing their colour slowly into black, and then mixed with 
dark, extremely hard quartzitic sandstones. After about 2 or 3 miles march- 
ing, down in a deep glen, suddenly a light-coloured limestone appears, as if 
dipping under the slates, which are exposed to an enormous extent on both 
sides of the glen. After a short search, nummulites were detected in this lime- 
stone, which is, however, not more than about 10 feet in thickness, being then 
already followed by red sandstones and shales, nearly quite vertical. Though 
the red colour prevails in these rocks, there are also some thick pale green bands 
in it, which, however, do not intiuence the general red aspect of the whole forma- 
tion. The thickness of this formation is very great, though not so much as that 
of the slates, and at several horizons in it thin bands of nummulitic limestone 
are to be met with. The road winds then up out of the bottom of the ravine, 
and then again nummulitic limestone appears, here nearly horizontal, forming a 
crest, end apparently lying regularly above the red formation. The nummulitic, 
however, is lost soon again, and the red sandstones and shales, here locally almost 
vertical, are the rocks, over which the path winds up further on. Descending 
into the glen on the other side of the pass, the red formation is replaced by dark 
shales, in some layers filled with the impressions of fossils, among them very 
numerous impressions of nummulites. They rest upon thick hard grey lime- 
stones, in which nummulites could not be detected, though they may yet belong 
to this formation. The bungalow lying on the scarp of the glen is built on these 
limestones. Below them follow first again dark shales, then a light-coloured 
flaggy limestone, contorted like the Flysch along the northern base of the Alps, 
then again shales, and then a thick zone of white and light grey quartzites, rest- 
ing on a formation of greenish or greyish slaty shales of several hundred feet in 
thickness. No trace of fossils could be detected in all those layers. Below this, 
grey limestones in thick banks are sticking out, but also here fossils are extremely 
rare, and no characteristic species was obtainable. Sections of shells are visible 
on the weathered surfaces, and in some places I saw Entrochi of a little sharp 
angular Pentacrinite. Under these again a thick mass of brownish coloured slaty 


esting section, it is well worthy of record; showing 2 continuous ecction of the immense sequence of 
tertiary rocks lying between the Himalayan elevation and the outlying remnant, now left in the 
Salt-range, of what were probably the ancient fringing deposits of peninsular India. The inter- 
pretation given of some pointe of the section may perhaps be open to question, but this scarcely 
interferes with the admirable view presented of the prodigious movements that have affected 
this enormous accumulation of tertiary strata. The elevation of the Peshawar plain at Attock is 
only 1,100 feet, and that of Kalabigh about 700.—H. B. M. 
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shales is lying, with lenticular portions of a beautiful oolitic grey limestone in it, 
then, just above the village follow white lithographic limestones without any 
fossils, then again slaty shales. 

Aftcr having crossed the valley of a little river the way again ascends to the 
Pallosi and Sundully Passes, which both in reality form only one Pass, crossing 
the range of mountains of which the Nilab Gash is the highest point in British 
territory. On the north foot of the hills, yellow marly limestones, dipping at alow 
angle to the north, and containing casts of a large Lucina and some Gasteropods 
appear, then follow compact nummulitic limestones in great thickness, dipping 
here to the south, but further on much contorted. In fact the whole range 
chiefly consists of these limestones, and only in the deeper cuttings of valleys or 
ravines, older formations appear. So, looking down from the height of the Sun- 
dully Pass, a rather thick system of limestones, sandstones, and shales, on the 
whole of a brownish-ycllow aspect, is observable. We were prevented by rain 
and the short daytime from going down and examining the beds closer. But 
from fragments found before in the river, and from the beds observed by Mr. 
Wynne at another locality, it seems that cretaceous and jurassic, certainly meso- 
zoic, deposits are here represented. On the other side of the valley nothing of 
those formations is observable, but instead of that a red band runs along the 
foot of the steep scarp of the nummulitic limestone, 

The southern slope of the range is very steep, and the first descent is entirely 
occupied by nummulitic limestone ; then there is a sudden change in colour, and 
the whole country appears as if looked at through a red glass. In the beginning 
just at the foot of the hills, between the purplish-red layers, a few bands of yellow 
marly nummulitics are still observable, but they are only few in number and very 
thin. Further on purplish-red sandstones and marls compose exclusively the 
rocks along the road, only sometimes there appears a greenish zone; the layers 
are fearfully contorted and dipping in every direction. A short distance before 
reaching Shadipur the red colour is lost again, thick soft grey sandstones here 
cropping out, only seldom interrupted by a purplish marl band. 

At Shadipur I took a boat, and during four days going down the river I 
observed the following section. At Shadipur the grey sandstones appear along 
the river bank, dipping to the south, then the purplish-red series comes in again 

inexpressibly contorted, and two or three miles further down a band of nummu- 
hitic limestone, with vertical bedding, crosses the river. Behind this a little 
valley, filled up with unconformable conglomerate, comes down to the river, and 
conceals the junction between the nummulitics and the next series, the same 
grey sandstone with a few purplish marl zones, upon which Shadipur is built. 
The layers, however, are here nearly all vertical, sometimes inclined a little to one 
or the other side. This again lasts for several miles, the contortions become less 
strong and so better visible ; suddenly thick marly layers of a red colour appear, 
mixed with rather thin beds of grey sandstone. To mention all the contortions 
of these and all the following layers is utterly impossible, and I can in this respect 
only refer to the drawing, which I have made after nature, and which may give a 
general idea of the features of stratification, A comparatively short distance 
further on, the red marls and grey sandstones are checked by a fault against a 
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very extensive series of purplish marls with subordinate but often very thick 
grey sandstones, about in the middle of which Kushialrarh is built on a sand- 
stone recf. 

This purple series lasts yet fora long distance below Kushialgurh, but then 
it finishes at a little valley which comes down to the river, on the other side of 
which suddenly red marls appear, dipping under a rather low anglo to the south. 
The sandstones between these marls are grey, as elsewhere in the Indus section. 
The colour of the marls, going further down the river, rapidly changes into brick- 
red, and near the rapid at Kasab the red colour is most striking. A short dis- 
tance below Pres. the river turns to west 30° south and runs for about 6 miles in 
a beautiful channel nearly in the strike of the beds, which is with avery remark. 
able constancy from Shadipur down to Mirzapur at the mouth of the Sohin river, 
west 20° south —east 21° north. The river flows for a very long way through 
the red series, only at the short turn before arriving at the last rapid, the colour 
of the marls changes suddenly into orange and green, and then follows a very 
thick pale yellowish-grey sandstone in enormously thick beds, only rarely inter. 
rupted by orange marls. In the uppcr region the sandstone contains layers of 
conglomerate, consisting of pebbles of beautiful crystalline, metamorphic or 
eruptive rocks. The conglomerate beds become more and more numerons, and at 
last the rock changes into a very extensive mass of conglomerates, in which 
limestone pebbles are nearly entirely unknown. 

Further on the thick sandstone, which I shall call Dungote Sandstone, after 
the Dungote Hill, which is entirely formed of it, comes out again, and bclow it 
the orange series, both dipping to the north, then a short span of very contorted 
orange beds, and then again the conglomerates, faulted against the former. 
The bedding now quickly changes to nearly horizontal, about Makhud. Below, 
Makhud the Dungote sandstone comes a third time above the level of the river, 
sometimes containing a bed of conglomerate, the decomposition of which has 
covered the whole country with a rather thick sheet of perfectly rounded pebbles 
of crystalline rocks. 

Coming near the mouth of the Sohan river in the vicinity of the hill tract in 
connection with the Salt.range, the stratification of the rocks is again disturbed, 
the layers are turned up, dipping to the north, and the orange series appears 
below the Dungote sandstone in a broad zone. A fault just below Dungote Hill 
brings the sandstone again down to the level of the river; a little further on, after 
several faults, the orange series forms the sides of the cutting the river has made 
through the hills, down to the Lun river valley, Below this, the rock-salt, 
gypsum, and red marl of the Kalabigh and Mari hills form the river bank. In 
the Kalabégh hill a part of the orange series lies unconformable upon the salt 
and gypsum, and above this again unconformably a thick conglomerate, consist- 

ing nearly exclusively of calcareous pebbles. Kalabigh itself stands upon highly 
tilted layers of sandstone with conglomerates of crystalline pebbles. 

Such is in rough outline what I have seen. The more difficult task, how- 
ever, is to arrange all the divisions I have distinguished into a chronological 
scale, and to discuss their relations to each otker. I begin with the undoubtedly 


youngest of them: the 
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(1) Unconformable Conglomerate. This formation is spread over the whole 
Rawal Pindi plateau in more or less extensive patches, and I have marked it in 
the section at several points: at Kélabigh, below Res, below and above Kushial- 
gurh, and below Shadipur. It nearly always consists chiefly of calcareous pebbles. 
It has partaken in the disturbances of the older beds, so far as I know, only at 
Kélabégh, where it is erected vertically in some places. Of about the same age, 
or a little older, may be certain clayey sands of a white or yellowish colour, which 
I have marked below Kushialgurh. 

Undoubtedly older than No.1, but following immediately below it in the 
scale of our section, is the 

(2) Conformable Conglomerate. This formation shows the best development 
in the hills above Makhud, where it is exposed to an enormous extent all along 
the river. It appears again near Makhud itself, but nowhere again to the soath 
or to the north. It is chiefly consisting of crystalline pebbles, and is intimately 
connected with the underlying sandstone, is disturbed entirely in the same way 
as this, and actually passes down into 

(3) Dungote Sandstone. A pale yellowish-grey more or less soft sandstone of 
about 2,000 feet in thickness, alternating commonly with layers of conglomerate 
in the upper and orange mar] beds in the lower part. <A part of the hills above 
Makhud and the greater part of the Dungote hill range is formed by this sand- 
stone ; its most extensive development is, however, further west from the Indus, 

(4) Orange Series. There is a perfect transition from the sandstone above into 
this series, The principal rocks are grey sandstones interstratified with partly 
very thick beds of often very bright orange and grey coloured marls. This series 
is found resting unconformable upon the rock-salt and gypsum at Kélabdégh; all 
the hills between the Dungote ridge and the Lun valley consist of it; it appears 
north of the Dungote hill, and north and south of the hill range above Makhud: 
everywhere in intimate connection with the Dungote sandstone. The thickness 
of this series is only in some parts considerable. 

(5) Red Series. By alternation of red with orange beds, the series before 
described passes into this. The marls are here very much prevailing over the 
sandstones, and of a bright brick-red colour. In our section this series is only 
represented north of the conglomerate hills near Res and Kasab, and for a short 
distance between Kushialgurh and Shadipur. At the latter place it passes down 
into the 

(6) Grey Sandstone Series, consisting of thick grey sandstones with rare mart 
beds of grey and purple colour. This series occurs at Shadipur, and to a greater 
extent below this village. Its relations to the next bed are nowhere sufficiently 
clear to determine from a stratigraphical point of view the age of this series, but 
as in the next division already nummulites occur, there is no doubt that it must 
be older than all the rocks as yet mentioned, and one can therefore safely suppose 
that the grey sandstone with purple marls passes down into the 

(7) Purple and Murree Series. I put these two series down together, though 
their appearance is not entirely identical, as both series contain in small bands 
nummulitic limestone. Their chief difference consists in the sandstones, which 
are in the former grey, in the latter purple. The purple series as developed in 
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the country round Kushialgurh shows no nummulitic band; but in the direct 
strike of the beds, in the vicinity of Goorgoorlot Sir, I collected a great quantity 
of nummulites in them. The Murree series with purple sandstones is devoloped 
north and south of Shadipur, and in the centre of the Mir Kulén Pass. The 
stratigraphical relations of this series to the nummulitic limestone are extremely 
difficult: its layers stand vertical at the side of nummiulitic limestone south of 
Shadipur ; they seem to dip under the latter at Sundully Pass, and lie above the 
oldest nummulitics on the Mir Kulan Pass. That their position is certainly 
not below the great mass of compact nummulitic limestone is shown clearly by 
the Pallosi Pass, where the limestone lies immediately above the mesozoics with- 
out the Murree series between. It is therefore for me no doubt that the Purple 
and Murree series are the youngest nummulitics passing up without interruption 
into younger tertiary and diluvial deposits. 

(8) Nummulitic Limestone. Developed to a great extent in the Nilab Gash 
range, the southern part of which is pushed over the Murree series in a very 
similar manner as the Alpine limestone is pushed over the Flysch along the 
northern foot of the Alps. The lowest division of the nummulitics consists of 
brown shales, which are exposed at the Mir Kulan Pass. In this latter range the 
lower nummulitic limestone (above the shales) does not come into the section, but 
is well developed further to the west. 

(9) Mesozoic. The rocks and whole development of these formations is so 
strange in this country, that I must abolish for the present any attempt to go into 
particulars about them. That those beds are mesozoic is not doubtful, as the 
want of nummulites and the fragments of belemnites in fallen pebbles in the 
Pallosi pass very strongly indicate. 

(10) Attock Slates. As neither fossils are found, nor do the stratigraphical re- 
lations reveal anything, [ am utterly at a loss as to the determination of their age. ° 
About the age of the last formation, the 

(11) Rock Salt, I shall report another time. 


On the selection of Sites for Borings in the Raigarh-Hingir Coal-field. First notice, 
by Witt. Kine, B.A,, D. Se., Officiating Superintendent, Geological Survey of 
India. (With a map.) 

I.—The Country and the Rocks, 

I1.— Division into Boring Areas, 

(a) The Lillari Valley Tract. 

1.—The country selected for this exploration lies about 22 miles north-north. 
west of Sambalpur, being partly in the Raigarh and five other smaller zemin- 
daries of that district, and partly in the Hingir dependency of the Gangpur tribu- 
tary state of Chutia-Nagpur. Its geology and much of its coal capabilities have 
been already described! by Mr. V. Ball (late of the Geological Survey) ; and the 

occurrence of coal was known? to Captain Saxton so tar back as 1855. 


1 Rec,, G. 8. I, IV, pp. 101-107 (1871); VIII, pp. 102-121 (1875); and X, pp. 170-173 
(1877). Also, Manual of the Geology of India, Part I, Chap. V, p. 128; Chap. IX, p. 208 ; and 
Part IIL, Chap. II, p. 89. 

2 A Statistical Account of Bengal (W. W. Hunter), Vol. XVII, p. 190. 
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Although more than twelve years have elapsed since Mr. Ball’s first report 
was made, it is only now that the more practical development of this field is being 
taken in hand owing to the renewed proposals for increased railway communica- 
tion between the Central Provinces and Calcutta. It will therefore be some satis- 
faction to this geologist, after his unpromising labours in such an isolated and 
difficult tract as this is, as also to his predecessors in this field, to know that this 
line of railway will traverse the Hingir plateau. It is practically to meet the re- 
quirements of this section of the Bengal and Nagpur Railway! that the present, 
boring reconnaissance is being made. 

In the main, this region is a low irregular plateau or upland, the surface of 
which has a general very casy slope from north to south, with a slight depression 
or hollow in its southern half, along which the trace of the railway line runs. Ex- 
cept at a few points such as where the railway enters on it from the Raigarh or 
Bilaspur side and leaves it inthe Rajpur or Ib river valley, fhe plateau is edged 
on all sides, but that to the north-west by a tolerably well-marked escarpment of 
from 150 to 400 feet in height. There are further flat-topped hills in the interior 
and in the north and eastern portions which attain an elevation of over 1,500 and 
1,900 feet above the sca. The large village of Hingir is near the centre of the 
plateau at about 1,200 feet ; and the railway trace enters on the western side at 
741 feot, runs up to 942 fect in the middle, and leaves, on the Rajpur side, at 790 
fect above datum (Karachi, M. 8. L.), passing about 43 miles due south of 
Hingir. The proper plain below the escarpment slopes away gradually ; on the 
south side, towards Sambalpur ; on the east, to the Ib and its tributary the Bai- 
sandar; but to the south-westward, there is at first only an extremely narrow low- 
level valley, shut in by a long north-west—south-east ridge of crystalline and tran- 
sition rocks, outside of which is the proper low country of Raigarh and Bilaspur. 
The drainage system is included between the Kelo tributary of the Mahanadi on 
the west and the Ib on the east; the plateau itself being mainly watered by the 
Kur, Oira, and Bagdia nalas on the one side and the Lillari and Dulunga rivers 
on the south and north-east. 

The different rock formations are very clearly displayed in the surface features 
of the country. The plateau and escarpment are of sandstones and other beds 
which Mr. Ball classed as ‘ Upper Sandstones’ or ‘ Hingir Beds,’ preferring to 
leave their position in the Gondwana series rather an open question, his tendency 
in his latest notice? being to range them in “two distinct groups, one contain- 
ing fossil plants which serve to correlate it with the Kamthi-Raniganj group, the 
other being probably of Mahadeva age.” Beneath these Upper Beds or Kamthis 
and forming the base of the escarpment, or a low terrace at its foot as well as the 
low country for some distance out, all round the plateau except to the north-west, 
are beds of the Barakar formation, with perhaps two or even more coal seams. 
The thickness of the Barakars appears to range from 200 feet at the lowest on the 


1¥ am indebted for much of my estimates of thicknesses, &c., of the strata in this region to 
an Index map and section of the railway surveys, The l-inch map of the Topographical Survey is 
very poor, full of misplacements of village names, and occasionally out in the courses of the smaller 
rivers. 
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south-west side of the field, to 600 feet or more on the northern cdges. Beneath 
these again lie the Talchirs which crop out at various places in the outer low 
country. 

So far, the definition or display of these three sub-divisions of the lower Gond- 
wanas is perfectly clear; but, as with my former colleague, 1 am also unable to 
draw any hard-and-fast line of demarcation botween the tep of the Barakars and 
the bottom of the Kamthis. At the same time, as far as tho present onquiry 
sroes, it will be possible to recognise with approximate accuracy strata of the two 
formations in such borings as may be made through them. 

It may seem almost unnecessary to dweH further on any but the Barakar rocks, 
which, as holding the coal scams, would appvar to be those alone requiring search 
by boring, more particularly as all the rocks have been already described by Mr. 
Ball. The exposure of the Barakars is, however, often so very narrow and shut 
in along the south-western border, and the seams are apparently suv near the sur- 
face, and thus possibly disconnected by denudation where their area is wider, that 
the contingency of having to bore through the lower part of the Kumthis must 
not be overlooked. 

My further examination of these upper bed4 shows that they aro separable, over 
most of the field, into three marked bands or zones, the uppermost of which is aset 
of thiek-bedded sandstones, more particularly scen in the higher flat-topped hills of 
Hingir. Beneath these comes a varying thiekness of softer and less harsh-surfaced 
strata, with seams and patches of small pebbles and gravel, generally of reddish 
colours, making up much of that part of the platcau crossed by the railway line. 
Lower still, are more indurated coarse sandstones of red and purple colours, but 
weathering brown ; with which are associated frequent seams and even beds of hard 
red clays and shales full of characteristic Kamthi-species of Glossopteris, 
Schizoneura, and Vertebraria. Tho thickness of each of these bands varies a good 
deal ; and at times the middle one seems to disappear, while the upper or lower 
one thickens out. 

The red-clay zone is fairly persistent throughout ; and, as immediatcly over- 
lying the Barakars, and being occasionally sufficiently denuded to present no in- 
superable thickness against the boring tool reaching the possibly underlying coal, 
measures, it is of considerable interest. Its thickness may be as low as 150 feet. 
along the south-westorn edge of tho plateau, and this may increase to 300 feet on 
the north-eastern border. 

The Barakars are, fortunately for purposes of recognition in different parts of 
the field; also marked by distinguishable bands of strata. Their upper portion 
consists of a decided zone of brown-weathering ironstone flags and thin beds. so 
characteristic in-the south-west fringe of low country as to-have been. particularly 
noticed by Mr. Ball who, m one part of his report, says “ the position of the Ba- 
rakars is marked by the ironstones.” The zone is not vory thick here, perhaps 
hardly 40 feet at the most; and it is constant all down the Sambalpuri-Dib- 
dorah valley as a-step or short terrace which widens. out at the southern end about 
Katrapali, Durga, and Singarpur. Thus far, it forms a distinct band at the top 
of the Barakars ; but to the eastward, as it rounds into the broader open country 
of Lakanpur and Rampur, brown flaggy beds occur more distributed through a 

D 
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greater thickness of these strata which still hold the terraced contour into the 
Baisandar valley. A second and lower band, but of purple and reddish Ironstones, 
also noted by Mr. Ball as a “ tessalated ironstone,”’ occurs in the lower half of 
the Barakars, being well displayed in the Rampur country, and again slightly in 
the Dulunga valley. 

The upper zone is, however, both stratigraphically and industrially the most 
important ; for it gives a horizon above or below which a great deal can be sur- 
mised as to the conditions of the coal-measures themselves, or the series overlying 
them, while it is from these beds that the principal supply of ore is obtained 
for the iron furnaces so common over this belt of terraced land. 

Taking the coal outcrops in order from west to east, the first and indeed the 
best exposures are in the Oira or Hingir river near Dibdorah, where there 
are two outcrops which, as the dip is low, may really be parts of one and the 
samme seam. At any rate, the upper part of this seam, or the uppermost, if there 
be two of them, can hardly be so much as 40 feet below the upper ironstones, 
the interval being of thick-bedded coarse felspathic free-stones. The outcrops 
indicate a good thickness of coal and carbonaceous shale, Mr. Ball having cut 
through 6 feet of coal in one, while I sunk a pit 12 feet deep in the other without 
reaching the bottom, of which 4 feet was fairly good coal. 

The next coal was found by Mr. Ball in the Bagdia nala near Lakanpur, the 
top of the seam being alone exposed; it is associated also with thick-bedded 
sandstones just below the upper ironstone band. 

Still further east, in the valley of the Lillari river, are some four or five out- 
crops, the uppermost of which, between the villages of Kaliabahal and Chowdi- 
bahal, occurs close up to the ironstone band associated with thinish beds of grey 
and buff sandstone. The upper part of the seam, of which I ascertained 4 
feet 6 inches at least of good coal, is well exposed in the bed of the river. Other 
outerops occur lower down the river; but it is impossible to say whether they 
are repetitions of the same seam or parts of this and another. Yet further down 
the river, near Durlipali, there is a very strong seam, over 40 feet of which 
was measured by Mr. Ball; it underlies the lower ironstone band, with perhaps. 
@ small intervening thickness of sandstones. 

No more coal is known until the north-eastern edge of the field is reached 
near the deserted village of Dulunga, where, as described by Mr. Ball, strong 
outcrops of coal and shale occur in the river at what I take to be about the same 
horizon as the Durlipali seam. I also found traces of a red and purple sub- 
cuboidal concretionary ironstone, answering to the ‘ tessalated bed,’ in close proxi- 
mity to the coal outcrops, though its position above or below them is not clear. 
Higher up this large nala and about a couple of miles north-west, are traces of 
carbonaceous shale associated with the upper ironstone band. 

Thence northwards, the upper ironstone beds are, as usual, easily followed on 
the tolerably well-defined terrace below the steep slopes of the lofty Kur and Garjan 
hills into the Baisandar valley, in the low grounds of which are the further coal 
outcrops described by Mr. Ball. These are lying, I believe, in very much the 
same zones of Barakars as are the other outcrops in the eastern, southern, and south- 
western edges of the field, though the thickness of the series may be greater. 
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The only remaining consideration is as to the lic or gisement of the rocks ; 
and it will easily be understood, from what has been already said of their occur- 
ring so uniformly in the plateau and round its edges, that this is very easy or 
comparatively flat and basonal. The series has, on tho whole, a general southerly 
slope, the lowest beds of the Barakars being at a higher level on the gneiss 
of the north and north-east sides of the country than they are to the southward 
and south-west, though the beds rise up towards this latter border and even 
have a sharp undulation in the escarpment of the Dibdorah valley. This easy 
lie has also not been interfered with by any decided system of faults;! but 
it can hardly be expected that so large an arca shall be devoid of some minor 
dislocations, of which, however, I have as yet scen no indication. 


IT.—Division into Boring Areas. 

In considering next the problem of selecting the most likely and convenient 
sites for testing the coal scams by boring, it 1s necessary to look at tho style of 
the outcrops themselves, their position with regard to the line of railway, and 
lastly, the possibility of the line itself running over so pierceable a dopth of the 
upper sandstones that seams may even be struck at a convenient depth within 
immediate reach of it. 

In the first place, under these three heads, the whole ficld can be divided off 
into sections suitable either for boring or indeed for future colliery works ; thus, 
taking them from west to east :— 

I.—The Kur River Valley ; practically a portion of the line trace, as the rail- 
way will enter hore on its progress over the platean from Raigarh. 

IIl—The Oira or Hingir River Valley; in the small Zemindari of Kodibuga, 
with coal outcrops. ; 

TiT—The Bugdia Valley; in the western part of Rampur, with a coal ont- 
crop. 

IV.—The Lillari Valley; in the middle of the Rampur Zemindari, and its 
upper reaches touching on the line of railway. 

V.i—The Dulunga Valley; on the north-east edge of the plateau, in Hingir, 
with coal outcrops 

Vi.—The Butsandar ond Puzar Valleys; on the north, partly in Hingir and 
Raigarh, with coal outcrops. 

For the first, as being on the railway, I would place it as a favourable section 
for exploration, but that it has as yet shown no outcrops of coal. It is a con- 
venient place, all three members of the lower Gondwanas are exposed, and there 
is no escarpment of the upper sandstones in the tract over which the borings 
would be carried out. My expectution of coal being struck here, at a depth say 
of 200 feet, is based on the position and strength of the coal outcrops of Dibdorah, 
a few miles to the south-east. On many considerations, however, it is better to 
start an exploration of this kind, if possible, from known outcrops such as are 
exhibited in all the other sections. 

2 ‘The long faulted boundary, suggested by Mr. Ball as occurring on the south-west edge of 


the field, even if it be really a live of dislocation, does not affect the coal-measures in any serious 
way. 
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The Oira! river exhibits, without doubt, the most promising coal exposures . 
but these lie in an extremely narrow and shut-in valley, the escarpment being herc 
very steep and 175 feet in height, whence it would be very troublesome to 
deliver the coal to the railway. On the other hand, borings might be put down 
on the plateau within a few miles of the railway, though these would have to be 
run down perhaps 200 feet before reaching’ coal. 

The Bagdia or Lakanptr valley may for the present be left out of considera- 
tion, even though it show acodloutcrop. It formsan indented bay of low country, 
shut off to the north from communication with the line of rail by steep slopes of 
200 feet’ in height, there being besides an interval of difficult country in the plateau 
above. The coal vutcrop, as far as it shows, ‘is not promising. 

The Lillari section, as already stated, is strong in outcrops, none of which are 
known to contain such a thickness of actual-coal as the Dibdorah exposure. This 
river rises in the plateau some 6 or 7 miles south-south-east of Hingir, and for part 
of its higher course flows close alongside the railway trace in the neighbourhood 
of the proposed Hingir Road Station. The northernmost or upper outcrop is only 
about 4 or 5 miles south-south-east of this station ; while there is no difficulty of 
approach, the valley being quite open and without any transverse ridge or escarp- 
ment as is the case in the other parts of the field. 

The Dulunga section lies about the same distance due north of this railway sta- 
tion ; but a difficult and hilly country having more or less of an escarpment inter- 
venes. The Baisandar and Pazar areas are even more distant and difficult of 
access. 

My examination thus leads practically to the conclusion that the Oira and Lil- 
lari sections possess on the whole the more favourable conditions for preliminary 
trial. But; when comparing them as to style of outcrop, position with regard to 
the railway, and the possibility of striking coal at a reasonable depth, there seems 
little doubt that the latter offers the best combination of ‘these attributes. 


(a).— The Lillari Valley Tract. 


The Lillari, from the neighbourhood of the Hingir Road Station to its con- 
fluence with the Ib, runs very much im a line at right angles to the rather varying 
strike of the rocks, Thus; in the upper part of its main course, it runs from 
north-north-west to south-south-east for 8 miles, when the strata are at first hori- 
zontal or nearly so, or with a dip of 5° north-north-west. Gradually, this dip may 
range somewhat higher as lower and lower beds of sandstone, coal, or shale are 
passed over, though from the fourth of these 8 miles there are strong indi- 
cations of undulation. Then, as the river bends round to the eastward near 
Ghanamal and Durlipali, the strike of the beds is more south-west—north-east 
with a rather higher dip never exceeding 10°; Itis thus no easy matter to estimate 
the probable thickness of the coal-measures, which really occupy an expanded strip 
of outcrop fully 5 miles in width. Calculating, however, on the varying dip and 
the strong indications of rolling in the middle portion, as well as on a comparison 


1In the 4inch map t is called the Hingir Nala in its upper reach, and the Jungwus 
near its confluence with the Mahanadi; but it is also marked Oira in the leinch topographical map 


and the people give it this name. 
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of the exposures here with those to the south-west and north-cast, I do not think 
there can be much more than 400 feet from the top of the brown ironstone band 
at Chowdibahal to the bottom of the Durlipali scam. 

Chowdibahal is only about 4 miles south-west of the Hingir Road Station, 
being situated on more or less flat beds of the Barakars, which are succeeded, as 
the river is followed upwards, by the red-clay band of the upper sandstones. Tho 
railway station itself will be on the middle sandstones of this series ; but they are 
very thin, since the red-clay band rises up from under them, with a southerly dip, 
at only about a mile to the north-east noar the village of Tangudhi. 

The uppermost coal crops out in the river bed about a quarter of a mile below 
Chowdibahal, and the lowest also shows very strongly in the river close to tho 
village of Durlipali. Thus the Barakars themselves can be tried by boring in two 
ways : either by testing the seams from below upwards beginning on the sandstonos 
above the Durlipali seam and going north, or by starting at Chowdibshal. 

The Durlipali seam is over 40 feet thick, but it is mainly made up of car- 
bonaceous and grey shales with some thin layers of coal, the best of them being 
only 1' to 2’, 6” thick. Of course there may be a great improvement in thom to 
the deep, but this is really all that can be said. I have, however, marked down 
several sites along the strike, in the sandstones above the seam, in the low hill y 
country on the left bank of the river, between the villages of Ghanamal (on the 
right bank), Judiboga (wrongly marked Jamkani on the topographical survey 
map), and Sumra. Shonld the borings at those places give good coal, the railway 
might then be supplied from a distance of 8 or 9 miles; they would, I think, 
hardly ever run beyond 200 feet, while they ought, on the Judiboga strike, to touch 
the coal at much lesser depths. 

On the other hand, the Kuliabahal-Chowdibahal outcrop gives at least 4: feot 
of fairly good coal, which may also go on improving to the deep. The slight dip 
would fetch the coal, if of fair lateral extent, within easy reach of tho Hingir Road 
Station. Besides, a not unimportant feature bearing on the possible thickness and 
quality of this seam, or of perhaps another not far below it, must not be lost sight 
of, namely, that its position just below the ironstone band agrees with that of tho 
Dibdorah and Lakanpur outcrops. It is perhaps scarccly to be hoped that theso 
three widely separated exposures can be parts of one and the same seam ; but they 
certainly appear to be on somewhat the same horizon which so far exhibits coal at 
other points also round the edge of the field. 

A deep boring at this place would at once tell a great deal of the proper coal- 
bearing capabilities of the Barakars, as well as whether it would be worth while 
continuing the search here, and it might even touch the lower seam. Preferring, 
therefore, to depend in the commencement on such a crucial boring as this deep 
one promises to be, I am induced to advise breaking ground at Chowdibahal ; and 
to this end some twelve sites have been marked in this neighbourhood within an 
area of about two square miles which can be taken seriatim according as the 
results shallindicate. At the same time, it is quite possible—nay, even probable— 
that there may be no necessity for carrying this boring to any considerable depth, 
as the upper seam which ought to be struck within 100 feet may be so promising 
that the exploration shall remain in it for some time at least. 
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The accompanying outline map has been prepared from that of the Topo- 
graphical Survey, hill features being left out; and a few alterations have been 
introduced from the railway map on the same scale. The approximate positions 
of a few villages, not given in the topographical map, are shown and the names 
of others carmeated. Only a few of the boring sites are here laid down. 


Note on Lignite near Raipur, Central Provinces, by PramatHa Naru Boss, 
B. Sc. (iond.), F.G.S., Geological Survey of India. 


The lignite which forms the subject of this note was found in the bed of the 
Karun! river, 3 miles south-west of Rdéipur, the capital of the Chhattisghar 
division of the Central Provinces, within the boundary of the village of Bhaté- 
gion. When I visited the place (about the end of April) the water there was 
about a foot and a half deep. The bank of the river on the Bhdtdégdon side is 
some 15 feet high, and consists of a light-coloured loam. The bed is sandy; and 
the lignite occurs below the sand as logs in a blackish, rather stiff, alluvial clay, 
impregnated with peaty matter. The logs are black, and show woody structure 
perfectly well. Their length and thickness are variable ; those I obtained had a 
maximum diameter of six inches. During the rains when a strong current has 
removed the overlying sand, these logs are, I was told, well exposed. They 
are then taken out by the people of Bhétagéon, stealthily it seems; for, though 
the villagers must have removed many cart-loads of the substance within the last 
ten or twelve years, and though its utility as fuel in a treeless country like Réipur 
is beyond question, not a breath had reached the official ear; and Bhatégéon 
is only a quarter of an hour's ride from Raipur. 

From the amount reported to have been extracted by the people of Bhétaégéon, 
and from the facility with which log after log was thrown up in my presence, I 
was satisfied that the lignite occars in some quantity at the place. I cannot be 
very sanguine, however, considering that the alluvial deposits in which it occurs 
are confined to the immediate vicinity of the river and are not likely to be more 
than 30 feet in thickness (from the surface), if even so much, the Vindhyan lime- 
stone cropping out in all directions except the south, even in the bed of the 
river almost within sight of the place where the lignite occurs. On the other 
hand, I was informed that lignite had been found two years ago in the bed of a 
streamlet which marks off the boundary of the village of Khurmuré from 
that of Ghugwi, close to its junction with the Karun. I went to the spot. The 
water here was no deeper than at Bhatégéon; but my search was fruitless. 
From the evidence before me, however, I saw no reason to impugn the veracity 
of my informants. I also heard of a similar find at Jumréo, two miles and a 
half south of the spot where lignite was dug out at Bhitégéon. If this statement 
stands verification, and I think it will, the extent of the lignite would be by no 
means inconsiderable. 

Owing to the presence of water I could not get at any exposure which would 
enable one to come to any conclusions worth recording about the origin of the 


+ Spelt “ Karoon ” in the Revenue Survey Map. The river is also known as “ Kumeri.” 
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lignite, its exact mode of occurrence, and other allied questions. The specimens 
of lignite I got all belong to Dicotyledonous land plants, of which the jungles 
enclosing the plain of Chhattisghar are still almost exclusively made up. In tho 
peaty matter associated with the lignite mentioned before were some leaves fairly 
enough preserved for identification. Unfortunately, those I brought away have 
been hopelessly crushed. When more specimens are obtained, exact specific 
determination would be an easy task. 

The following are tho results of the analyses of two specimens made by Mr. 
Hira Lal, of the Geological Survey :— . 

No. 1. e. 2. 


Moisture . ; 2 ° - 21°76 11°64 
Volatile matter (cxelusive of moisture) ‘ . , - 44°84 52°86 
Fixed carbon ; . ; ; ‘ , - 28°30 30°00 
Ash . . ° ° ° : ; . ‘ . 610 6:00 








100°00 100-00 


The excessive moisturo in specimen No. 1 is probably accounted for by the 
fact that it was exposed tu the atmosphere of the laboratory for 48 hours after it 
had been dried in a water bath. No. 2 was not so dried, but was sufficiently 
dry for analysis. The lignite was found to cake; and the ash is brownish. 

The results indicate a fuel certainly poorer than coal. But the proportion of 
fixed carbon is higher than in ordinary peat, and the heating power consequont- 
ly greater. Its economic importance cannot be exaggerated. For some 30 
miles round Raipur there is not a bit of jungle to be seen anywhere. Wood is 
consequently extremely dear. A cheaper substitute, such as the lignite promises 
to be, would be highly welcome. 

I came to know about the lignite in the fag end of the last season, after I 
had packed and stored my tents away, and made all arrangements for leaving 
Réipur.* Next season I propose to resume work there, and have a closer search. 
I would recommend diggings on a small scale at Bhétigéon, Ghugwé4, and Jumréo. 
The co-operation of an engineer will probably be required. But I have no doubt 
the enlightened officers of the district will cordially help in the matter. 

Besides the economical importance of the subject, the scicntific interest 
attaching to it 1s very great. The whole district of Réipur has been land ever 
since the Vindhyan period. For ages past, therefore, it must have supported 
vegetable and animal life to a greater or lesser extent. But the conditions for 
the safe preservation of terrestrial life are so very hard, that one might hunt 
the whole country from one end of it to the other, without coming upon any but 
the barest remains belonging to the animals or the plants, which, geologically 
speaking, lived but yesterday, Any localities, therefore, which, like Bh&tégéon, 
promise us materials, however scanty, for the history of the terrestrial fauna and 
flora, should be thoroughly and carefully searched, especially as the life-history of 
the entire district is a great blank, the Vindhyan sandstones and limestones 
having nowhere yielded a trace of a fossil yet. 


2 Firewood sells at Réipur at 10 to 13 annas per maund. 
?I am indebted for the information to Messrs. J. N. Sirear, Barrister-at-law, and D. Siaclais, 
proprietor of Bhitégéon. 
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The Turquoise Mines of Nishipfir, Khorassan,* by A. Hontoum ScuInpusr, 
General, Persian Service. 


Geographical.—The mines known as the “ Nishipfir Turquoise Mines” are 
situated ,in the Bar-i-Madén, a district of the Nishapfir province, about 40 miles 
north-east of Sabzv4r, and 32 miles north-west of Nishapfir. The principal place 
of the Bar-i-Madén district is the village Madén, which consist of two villages, 
the Kale-i-b4l4 and the Kale-i-pain, with a population of about 1,200 souls. The 
Kale-i-bala lies 5,100 feet above the level of the sea in latitude 36° 28’ 11” north, 
and longitude 58° 20’ west of Greenwich. A few smaller villages, there called 
‘‘ kelatehs,” belong to the Madén village, and contain about 300 inhabitants. The 
total population of the Madén villages was on Ist July, 1882, 1,501. Twelve 
other large and several smaller villages belong to the Bar-i-Madén district ; of 
these it is, however, not necessary to speak any further. The Madén village and 
the territory belonging to it cover about 4( square miles of ground. Most of this 
is situated in a wide open valley, which, as it has no particular name, I shall 
call the Madén valley. This valley, running in an east-west direction, is 
bounded on the north by the turquoise mountains, and on the south by the Batau 
mountains ; on the east are some low hills separating it from the Nishapfr plain, 
en the west the ground falls gently towards the Jowein plain. The thalweg of 
the Madén valley is formed by the K4l-i-Mansfrah (‘4l means river in Khoras- 
san, or rather a river-bed), which rarely has any water, and flows nearly due 
west towards the Jowein plain ; it reaches the Jowein plain after receiving several 
streams from the north, flows through the plain, and then curves southwards, 


3 Communicated ; from the Foreign Department, through the Revenue and Agricultural Depart- 
ment, Government of India. 

So little definite information concerning the occurrence of the Turquoise has hitherto been 
available that the above paper, even though it has but an indirect association with Indian geology, 
comes as 2 very welcome contribution to the history of precious stones. All authorities on this 
study give this very locality as being almost the only one whence the stone has been procured in 
its most perfect condition of colour; but Silesia, Oclenitz im Saxony, and the valley of the Galas- 
teo, south-east of Santa Fé in Europe, Thibet, and China, are given by various writers as producing 
stones of inferior quality. A form of very fine but not lasting colour is also found near Mount 
Sinai in Arabia Petrea. 

In the Manual of the Geology of India, Part III, there is the following notice: ‘The hydrous 
aluminum phosphate, or calaite, otherwise known as Turquoise, may be mentioned here, though 
its occurrence in India is doubtful. Mr. Prinsep (Journ. As. Soc. Bengal, Vol. IV, p. 584), from 
the presence of certain blue streaks in the copper ores of Rajauri in Ajmir, suggested the possibili- 
ty of turquoise being found there. Subseqnently Dr. Irvine (Topography of Ajmir, p. 162) stated 
that it was reported to be found in the Ajmir hills and at Ramgarh in the Shakhwati country and 
was used for rings, but if seems possible that this was really a variety of blue copper which 
Prinsep called a turquoise copper ore. There has been no recent recorded discovery of turquoise in 
this region.” 

“The principle known turquoise mines in the world are at Ausar, near Nisihpdr in Khorassan 
in Persia, to which Tavernier alluded under the name of Michebourg.” 

By the way, the latter name is here possibly a misprint ; for Tavernier’s account is thus given 
in Dieulafaits’ “ Diamonds and Precious Stones,” p. 141: “The mine of turquoise which far- 
nishes the most beautiful stones is three days’ journey from Meshed, turning to the north-west after 
passing the large town of Nishabourg.” 

W. K, 
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cutting the highroad between Shahrfid and Meshed a little east of Abb&sibad. 
It is there passed by the Pul-i-Abrishun (Bridge of Silk), famous in former 
years for the Turkomans, who there, or in its immediate vicinity, attacked more 
caravans than anywhere else on the Meshed road. 

Geological.—The mountains of the district consist of nummulitic limestones 
and sandstones lying on clay-slates, and inclosing immense beds of gypsum and 
rock-salt. The slates rise in the Batau mountain, whose peaks they form, to the 
absolute height of 6,400 feet, 1,860 feet above the thalweg of the Maden valley. 
The limestones rise in the Si-sar peak,.3 miles cast of the Kalo-i-bala, to an ab- 
solute height of 5,900 feet. The stratified rocks are, on the north of the valluy, 
broken through by porphyries and greenstones, and in consequence greatly meta- 
morphosed, and the turquoise-bearing ridge consists entircly of porphyrics, green- 
stones, and metamorphosed limestones and sandstones. This ridge rises to an 
absolute height of 6,655 feet. The turquoises form veins in the metamorphosed 
strata, which have partly lost their original stratification, and contain minute 
pieces of free silica. The general direction of the turquoise veins is N. 70° 
k}.—S. 70° W., the same as that of the strike of the stratified rocks, The highost 
spot at which turqnoises have been found lies 5,800 feet above the level of the 
sea, the lowest spot 4,800 feet. 

Olimate.—The climate is very salubrious. The greatest heat does not excced 
82° to 83° F., the preatest cold is very scldom 40° F. below freezing point. The 
winter of 1882-83 was exceptionally cold at the mines, the same as all over the 
north of Persia. Wheat and barley, and mulberry-trees grow well at an absolute 
height of 5,000 to 5,300 feet. Asafcetida and fig-trees, tho latter bearing no fruit, 
grow on the mountain slopes to a height of 6,000 feet. The rainfall slightly ex- 
ceeds that of the greater part of Khorassan. A strong north wind blows almost 
continually, and keeps the air very pure. Some ycars ago, when most of the 
villages of the district were ravaged by the plague, and two years ago, when 
there was an epidemic of diphtheria in the neighbourhood, the Madén village 
remained free of sickness. 

Inhabitants and produce.—-The inhabitants of the Madén village are entirely 
occupied with the obtaining, cutting, and selling of turquoises. Agriculture is 
there very much neglected. Water is not plentiful, but certainly enough for the 
sowing of 100 to 150 kharvars of grain ; as it is, only 10 to 15 kharvars are sown, 
and the harvest hardly ever prodnces more than 100 kharvars. The villages in 
the immediate neighbourhood with the same kind of ground and soil, and almost 
the same climate, have many “ deimi”’ fields (fields watered by rain only); the 
Maden village has none. Some families occupy themselves with the rearing of 
silkworms, and produce about 120 lbs. of silk per annum. Poppy had been sown 
in a garden in 1881, but was found to contain very little opium ; and the people 
have since then abstained from poppy cultivation. Nearly all the male inhabit. 
ants of the Madén village are inveterate opium smokers, and many women have 
also acquired that vice. The gain of turquoises has made the people careless of 
anything else ; there are, however, very few of the inhabitants who possess any- 
thing worth speaking of. A good turquoise is found, and the money obtained by 
its sale is spent at once; one can often see at the mines men who yearly pay 60 
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tomans to the Government, and who gain quite 150 tomans besides, having 
nothing to eat. 

Mines of the district.—The mines belonging to the Madén village are: (1) the 
turquoise mines; (2) a salt mine; (3) a lead mine ; (4) a millstone quarry. 

I shall speak separately of each. 

1. Turquoise mines.—The turquoise mines are of two kinds: (a) the mines 
proper, shafts and galleries in the rocks; and (6) the Khaki mines, diggings in the 
detritus of disintegrated rocks washed down towards the plain. — 

(a2) The mines proper. 

The most easterly, and according to all accounts the oldest mine is the Abdur- 
rezzagt, which was formerly called the Abia Ishigit, and is with that name men- 
tioned in old books. Its mouth is at the absolute height of 5,900 feet ; it is a 
very extensive mine and has a depth of about 160 feet vertical from its mouth. 
For the last few years very few turquoises have been obtained from this mine, 
but its turquoises are esteemed more than those of other mines, Close to this 
mine, and in the same valley, are the Surkh, Shaperdfr and Aghali mines, which 
are at present neglected. A little to the west of the Abdurrezzigi valley is the 
‘‘ Derreh-i-Safid,” the white valley, with the old mines Maleki, the upper and 
lower Zaki and the Mirzé Ahmedf. The former three are immense mines, but 
almost entirely filled up. In the lower Zaki, now a vertical shaft of 60 feet in 
depth, and about 250 feet in circumference, one can plainly see how the mines 
have got to their present ruined state. It is apparent that the mines were former- 
ly well directed. Vertical shafts were cut into the rock for lighting and ventilat- 
ing the mine, while the entrance of the mine was by lateral galleries driven in on 
the slopes of the mountains. I think it very probable that the mines were, as 
late as the first quarter of the last century, worked by the Government. The 
mines were then, when the Sefivielt dynasty came to an end, neglected and left 
to the people of the village, or perhaps, as now, farmed to them. The farmers 
thought only of getting a quick return for their money and cut away the rock 
wherever they saw any turquoises, exactly as they do at the present day. The 
result was that the supporting pillars and the rock between the different shafts 
were cut away, and that the roof, so to say, of the whole mine, fell down, filling 
it up. The three above-mentioned mines have been filled up like this. One can 
form an estimate of the original depth of the Z4ki mine from its present depth, 
which is only to the surface of the, formerly, superincumbent roof, and from a 
shaft or burrow dug into the rubbish of the old mine. This burrow begins 
where the fallen-down roof begins, at a depth of 60 feet from the mouth of the 
mine and goes down about another 60 feet vertical. At the end of this burrow, 
120 feet below the mouth of the mine, there are still no signs of the original old 
mine. Several attempts have been made to clear this mine, but no one up to 
now has had either the will to provide the necessary funds or the patience to wait 
for the completion of the work. The turquoises of the “white valley” are also 
very good, not so good, however, as those of the Abdurrezzigi. Many turquoises, 
generally small, are found in the rubbish of the old mines ; they are much prized 
for their good colour, The mouth of the Mirza Ahmedi mine, which was proba- 
bly once a part of the ZAki mines, lies about 80 feet lower than that of the ZAki 
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mine, and goes down 80 feet vertical. It also has very good turquoises, but 
working in it is very precarious on account of the bad state of the galleries and 
the amount of loose rubbish they contain. 

The next valley is the Derreh-i-Dar-i-Kih. In it are several important mines, 
the Kerbelai Kerimi, the Dar-i-Kih, and others. The Dar-i-Kah mine is very 
deep, going down about 150 feet vertical. It is an old and very extensive mine, 
and some of its galleries continue as far as the Zaki mine; it is very dangerous 
on account of the rubbish it contains ; the rubbish is badly propped up by stones 
and small sticks, and several labourers have at times been buried in it. One of 
its galleries called the Daneki goes for about 100 feet through rubbish ; the width 
of this gallery is 1 to 2 feet, its height not more, and the descent down it is very 
dangerous. Only three or four of the miners have the courage to go into this 
gallery. Some galleries of this mine are completely filled up, and can only be 
cleared at great expense and with difficulty. Above the mine can be seen many 
shafts which formerly lighted and ventilated the mine, but are now filled up. 
All the mines in the Dar-i-Kh valley are worked and contain good turquoises. 

Further west is the ‘ Derreh-i-Siyah,” the black valley with the old Ali 
Mirzai (a contraction of Ali Murtez&) and the Reish mines. The Ali Mirzii, 
particularly the lower one of that name, is very dangerous. The rock is very 
soft and much disintegrated, often falls and fills up the mine. A part of this 
mine is called the “ Bi-rih-ré,” the shaft [‘ without a road”; to go down into 
it is very difficult. The turquoises of the Ali Mirzéi are not very good, their 
colour soon fades. 

On the top of the Reish mine, in the same valley, a vein of turquoises was 
discovered a year or two ago, and a new mine was opened there with the name 
of “ Sar-i-Reish” (the head of the Reish). In it are found turquoises of fine 
colour and of great size, but the colour soon fades and the turquoise becomes a 
dirty green with white and grey spots. As long as these turquoises are kept 
damp they preserve their colour; if once they get dry they are worth very little. 
A tarquoise as large as a walnut and of a fine colour was found in this mine last 
year; it was, against my advice, or rather I was not asked, presented to His 
Majesty the Shah ; after it had been two days with His Majesty it became green 
and whitish, and was found to be worth nothing. 

The next valley called the ‘ Derreh-i-Sabz,” the green valley, contains the 
old Ardelini and Sabz mines and the new Anjiri mines. The Ardelaéni was once 
@ very great mine; more than twelve old shafts, now all filled up, are still to be 
seen; its present entrance is by a large artificial cave with a dome-like roof; it 
has a vertical depth of 85 feet and is very badly ventilated, having several gal- 
leries with foul air. Such galleries are called ‘‘ chiragh-kush,” ¢.e., lamp extin- 
guishers. The Ardelfni turquoises are not good. A “‘ Jowaher nimeh” (hook 
on jewels), written during the seventeenth century, mentions that the turquoises 
of the most inferior quality were obtained from the Ardelani. 

The Sabz mine has, as its name implies, green turquoises and is at present 
filled up. The Anjiri mines, which have their name from some fig-trees growing 
in the valley (Anjir=fig), are new mines. They produced during the last few 
years @ very great quantity of turquoises which had a fine colour and were sold 
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well. The colour of these turquoises, however, soon faded, and the possessors 
of these turquoises are now far from satisfied with their purchases. I believe 
that the great fall in the price of turquoises in Europe is mainly due to the many 
stones of these, as well of the Sar-i-Reish mines. These stones were sent to 
Kurope and kept moist in earthenware pots till they were sold. Out of the damp 
they lost colour, and in a year or two they became quite white. European jewellers 
have at present no confidence in turquoises, and buy only at very low prices. 

The next and last, also the most westerly valley, is the one with the Kemeri 
mine. This mine is full of water at present, and the several attempts made to 
empty it have failed; it has some thick veins of turquoises, but the stones are of 
no use for rings, being generally worked into amulets, brooches, seals, &c. 

A little to the south of the Ali Mirzai mine lies the Khuriij mine, very exten- 
sive, but partly filled up; it had, some sixty years ago, very good turquoises, and 
is at present not worked. There are many more mines with names, perhaps a 
hundred, and more than a hundred nameless ones, but they are either parts of 
those I have enumerated, or unimportant. Work in these mines is carried on by 
means of picks and crowbars, and gunpowder. Blasting with gunpowder has 
come in vogue only within the last thirty years ; formerly all the work was done 
by picks, and much better: the picks extracted the turquoises entire, the gun- 
powder does more work, but breaks the stones into small pieces. 

(6) The Kh&ki mines are diggings in the detritus and rubbish collected at 
the foot of the above-mentioned mines, and in the alluvial soil, consisting of the 
detritus of the rocks, and extending from the foot of the mountain a mile or two 
down to the plain. The finest turquoises are at present found in the Khaki 
mines,—in fact, good ringstones are at present obtained only from the Khaki. 
Work here is carried on by promiscuous diggings, without any system whatever. 
The earth is brought to the surface, sifted, and searched for turquoises ; the latter 
work is generally done by children. The fine turquoise presented by the Gavan- 
ed-Dowleh to the Shah, valued at 2,000/., as well as many other fine ones, were 
found in the Khaki. 

2. The salt mine.—The salt mine is situated about 6 miles east of the Madén 
village, near the little hamlet Garaghichi. The salt consists of an immense bed 
of rock-salt inclosed by gypsum and nummulitic limestone. The salt is very 
white and clear, in many parts quite as transparent as glass. I have seen docu- 
ments relating to this mine dated 1780. 

3. Lead mine.—The lead mine lies about 6 miles south of the Madén village 
in the Batau mountain (which has its‘name from the village Batau, lying on its 
southern slopes, in the Taghin Kth district). The lead occurs in irregular 
veins, striking N. 40° E.—S. 40° W., in slates underlying limestones. The mine 
is not an important one, and has.not been worked for many years,—in fact, not 
since the accession of the present Shah. As soon as the news of Muhammed 
Shah’s demise reached Khorassan, the Amarli Kurds revolted, and took posses- 
sion of the turquoise mines. The inhabitants of the Madén village fied to the 
Batau mountain, and worked the lead mine for a few months, till order was 
restored, and the Kurds left the turquoise mines. The mine has since then been 
neglected. , 
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Millstone quarry.—The millstone quarry lies about 4 miles south of the Madén 
village, on the northern slope of the Batau mountain. The stones are cut out 
of a rough sandstone, or quartzose grit, lying under the sandstone of the nummu- 
litic formation. About twenty or thirty pairs of stones are obtained per annum 
and sold at 6 tomans a pair. 

Revenue and arrangement of rent.—The Persian Government received up to 
21st March, 1882, on account of these four mines, the sum of 8,000 tomans per 
annum. Hither the inhabitants of the Madén village paid this sum themselves, 
and worked the mines at their own risk, or some person farmed the mines from the 
Government for the same sum, retained one or two mines for his exclusive benefit, 
worked one or two others in partnership with some of the villagers, and sublet 
the remainder for 5,000 or 6,000 tomans per annum to the villagers. The vil- 
lagers generally paid what had been agreed upon in turquoises, and they could 
sell the turquoises they obtained how and where they liked. The money which 
they had to pay was divided at the rate of 60 tomans “a head” among the 
rayots; some rayots, according to their means, number of children, &c., paying a 
whole head, others seven-cighths, three-fourths, &c., to one-quarter of a head, or 
15 tomans a year. The Kedkhodas, of which there were five, paid nothing, and 
fixed the amount each rayot had to pay. Some Syeds, two or three Mullas, the 
barbers, and some of the relatives or friends of the Kedkhodas were also exempted. 
The barbers of the district possess Firmans of the Sefavieh monarchs, exempt- 
ing them from taxes in perpetuity. I saw Firmans of Shah Tdmasp .dated 
A.H. 1038, of Shah Abbis dated 1062, and of Shah Sultan Hussein dated 1091. 

The salt mine was given to the Syeds of the village, in lieu of 250 tomans 
pension during Kerim Khian’s reign; the Syeds later sold their right to the salt 
mine for about 2,000 tomans to some of the villagers, who since then call the 
mine their private property. In the Government accounts, however, the mine 
still figures as Crown property, at a yearly rent of 250 tomans, and this sum is 
included in the 8,000 tomans which the Government receives from the turquoise 
mine and its villages. From the 21st March, 1882, His Majesty the Shah gave 
the turquoise mines, and the thereto-belonging district, to the Mukhber-ed- 
Dowleh for a period of fifteen years, and the Mukhber-ed-Dowleh agreed to pay 
9,000 tomans the first year, and 18,000 tomans for the remaining fourteen years. 

Classification of turquoises.—T he turquoises are at the mines first divided in 
three classes or kinds: (1) Angushtari; (2) Barkh&aneh ; (8) Arabt. 

1. All turquoises of good and “fast” colour and favourable shape are classed 
with the Angushtari stones (ring stones). They are sold by the piece. It is 
impossible to fix any price or classify them according to different qualities. I 
have not yet seen two stones alike. A stone two-thirds of an inch in length, two. 
fifths of an inch in width, and about half an inch in thickness, cut “ peikani” 
shape, was valued at Meshed 300/.; another of about the same size, shape, and 
cut was valued at only 807. Turquoises of the size of a pea are sometimes sold 
for 81. The colour prized most is the deep blue of the sky. A small speck of a 
lighter colour, which only connoisseurs can distinguish, or an almost unappre- 
ciable tinge of green, decreases the value considerably. Then there is that un- 
definable property of a good turquoise the “zat,” something like the “water ” of 
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a diamond or the lustre of a pearl; a fine coloured turquoise without the ‘z&t” 
is not worth much. A deep colour, almost an indigo-like blue, is called “ talkh ” 
bitter, and decreases the value of the stone. The best Angushtart stones are 
found in the Khaki diggings, and in the Abdurrezz&gi mine. 

2. The barkhaneh stones are generally divided into four qualities and are sold 
by weight. The first quality costs at the mines 1,500 to 1,600 tomans per Tabriz 
mann, equal to about 901. per lb. The fourth quality is worth 70 to 80 tomans per 
mann. Only the first and part of the second quality are sent to Europe ; the others 
are sold in the country to Persian jewellers and goldsmiths, particularly at Meshed, 
and are employed for encrusting Persian articles of jewellery, amulets, dagger 
and sword hilts and sheaths, horse trappings, pipeheads, &c. One can at Meshed 
buy small cut turquoises of the third quality at the rate of 2s. to 3s. per 1,000. 
Many of the birkhaneh turquoises sent to Europe are employed by the Huropean 
jewellers for rings, but the mere fact of the miners themselves not classing them 
with the Angushtari stones proves that they are not of the first quality. 

3. Arabi turguoises.—All stones not belonging to the first two kinds are 
called Arabi. Their name is of recent origin, and was first adopted by the people 
at the mines for bad and in Persia unsaleable stones. Some of the miners when 
on a pilgrimage to Mekka had taken with them a quantity of bad turquoises and 
had sold them well to the Arabs. Since then any pale-coloured or greenish and 
spotted turquoise is called Arabi. The whitish turqnoises of this kind are called 
shirbamf, or shirfim, and round pieces with a white crust are called chaghaleh. 
Many of the so-called Arabi turquoises are, however, bought by Persians, and 
some also go to Europe. The large flat pieces and slabs used for amulets, 
brooches, belt buckles, &c., at the mines called tf&fal, are now classed with the 
Arabi stones, although some of them are very much esteemed: pieces of 2 inches 
in length, 1 in width, and 4 in thickness, being sometimes valued at 10 tomans, 
Stones of a greenish colour, called Gul-i-Kasni (chicory) are bought principally 
by Afghans. I have seen about 12 lbs. in weight of pale-coloured, uncut, tafil 
stones, sold at the mines for 180 tomans. 

Sale of turquoises.—About 200 men of the village work in the mines and in 
the Khaki diggings, and twenty-five or thirty, the Rish-i-Safids, Elders of the 
village, buy the turquoises and sell them to merchants and jewellers, either at 
Meshed or at the mines. The original finders of the turquoises do not gain 
much; a man who works in the mines gains on an average 5 krans per diem in 
turquoises. Work in the mines is difficult, but sure; a miner never returns 
empty-handed. In the diggings the work is comparatively easy, but the finding 
of a turquoise is a matter of chance. It often happens that a miner, after work- 
ing hard for a few months in the mines, and having saved a few tomans, trices 
his chance at the diggings, works there finding nothing till his money is finished, 
sells and pawns his goods and chattels, still finds nothing, and finally, to keep 
starvation out of the doors, has to return to the mines. Good workmen never go 
to the Khaki diggings, but send their children there. Of the 200 miners at the 
village, quite 130 work in the mines; the old and the weak, or those who possess 
a little property and are in no want of a certain daily gain, and the lazy, work 
in the Khaki. During the summer months many strangers come to the mines 
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and try their chance at the diggings. The Rish-i-Safids generally buy the tur- 
quoises direct from the workmen, and then sell them to the merchants at Meshed 
or to “ dellals ” (commission agents) who visit the mines, The first profit on all 
turquoises is never less than 10 per cent., generally amounts to 20 per cent. 
That is, one of the Rish-i-Safids buys turquoises for 10 tomans from a miner or 
from different miners and sells them to a “ dellal ” for 12 tomans. The “ dellal” 
goes to Meshed and sells them to the dealers for 14 or 15 tomans. The dealer 
sorts them, sells some of them in the country and sends the remainder to Europe, 
generally to Moscow, where they are sold by special “dellils’” to the European 
dealers. It may be calculated that turquoises bought for 10 tomans at the mines 
are sold for 25 tomans in Europe. It is strange that Huropean dealers have up 
to now not thought it worth their while to send their own agents to the mines. 

The miners themselves rarely cut their turquoises, and they therefore seldom 
know if they have found any good stones or not. The Rish-i-Safid, who is the 
first buyer, however, often half cuts the turquoises, and is then enabled to sort 
them. The Angushtari turquoises are then put aside and sold singly, and 
enormous profits are ofteu made. 

The above-mentioned 300/. Meshed turquoise was bought from the finder by 
one of the Rish-i-Safids for 31.; the latter sold it still uncut at Meshed for 381. 
As soon as it was cut, its true value became apparent, and it was sent to Paris, 
where it was valued at 600/. The second purchaser, however, received only 
3401. for it; the difference was gained by the agents. 

The annual output of the mines, mountains, and diggings, averaged for the 
last few years 25,000 tomans’ worth of turquoises, valued at the mines. The 
final purchasers probably pay three times this amount. 

Outting turquoises, &c.—The turquoises are now generally cut by wheels made 
of a composition of emery and gum. The emery is brought from Badakhshan, 
the gum from India. The cutter drives the wheel with his right hand by means of 
a stick and a piece of string, which latter is twisted round the axle of the wheel; 
he holds the stone with his left hand against the wheel, the thumb and one 
finger holding the stone being protected by rags, leather, or flat pieces of wood. 
Wheels have not been in use long, perhaps only thirty years. Formerly all tur- 
quoises were cut on slabs of sandstone. The turquoise was held by a slit in a 
piece of wood, and was rapidly rubbed up and down the stone. Even now many 
stones are cut in this manner. Very small stones are seldom ever cut on the 
wheel, but always on the sandstone. After the turquoises have been cut, they 
are polished by being rubbed, first on a slab of very fine grained sandstone 
(“‘masgal’’), and then on a piece of soft leather with turquoise dust which has 
been collected from the wheels. This polishing process is called ‘‘jel4 dadan.”’ 

The pay of a turquoise cutter at the mines or at Meshed is 1 to 2 krans per 
diem, the cutter providing wheel and other necessaries. A cutter on stone 
receives never more than 1 kran per diem. The final polishing is generally done 
by children, who receive one-third to one-half kran per diem. One man can cut 
a handful of turquoises a day ; one polisher suffices for three cutters. Turquoises 
are cut in various shapes. The shape depends on the size and original shape of 
the stone, as well as on its quality. The two principal shapes are the “ peikani ” 


140 Records of the Geological Survey of India. [VOL. XVII. 


and the “ mussatah,’’—that is, the conical and the flat. The less the cone is trun- 
cated, the more the turquoise is prized; and again a conical turquoise with an 
elliptical base is worth more than one with a circular base. Turquoises not 
possessing sufficient thickness for the “peikini” cut, and’ being thicker than 
necessary for the flat cut, are cut en cabochon, and the higher the convex surface 
the more the value of the turquoise. Only very fine and deep-coloured turquoises 
are cut in the “ peikini” shape; the apex of a bad and pale-coloured turquoise 
would, if cut “ peikini” shape, appear almost white. The slabs of the Avabi 
quality are generally cut plane, seldom with a convex surface. Smaller stones 
are employed for seals, larger stones for amulets, &c. The larger stones are 
never free of flaws, and seldom have a good colour, but the jewellers very cleverly 
hide the flaws with a scroll-work of gold, or if there be any characters engraved 
on the stone, they manage to place the letters, and particularly the diacritical 
points, just over the flaws. I have seen sold at the mines a slab 2 inches in 
length for 25 krans; it had in parts a very beautiful colour, but the greater part 
of it was full of black spots and veins. This slab was worked up by a jeweller at 
. Meshed, with a verse of the Goran and some scroll-work, and sold for 60 tomans ; 
all the spots and veins had disappeared. 

Historical note-—Some of the inhabitants of the Madeén village say that their 
ancestors were Jews, others say that their ancestors came originally from Badakh- 
shin, where they were ruby-cutters. Many of the inhabitants are Syeds of the 
family of the fifth Im4m, and one of the sons of that Imam lies buried at the 
village Germab, a few miles north-west of the mines. In a genealogical tree of 
one of these Syeds, written in the fourteenth century, I noticed that the name of 
the Madén village was formerly Pashan, changed later on into Fishin. The tur- 
quoise mines are rarely mentioned in Persian histories. 

Salt.—The north-eastern part of Khorassan has three important salt mines: 
the mine near Sherifabad, 24 miles south of Meshed; that of Abji, 15 miles 
from Nishaptr ; and that of the turquoise mines. Meshed and its environs, and 
the village as far as Gadamgah, about 16 miles to the south-east of Nishdpiz, 
take their salt from the first mine. Nishapir and its villages are provided from 
the second, and all the country to the north as far as Kiichin and even Ask&bad 
take their salt from the last mine, the one belonging to the turquoise mine village. 
This last mine has thus the greatest sale. It sells, at a low estimate, 15,000 
loads at 120/. to 1801. each per annum, or a total quantity of about 1,100 tons. 
The salt 1s sold at the mine at the rate of 1 kran per donkey-load, which is equal to 
about 13 krans, say about 9s. per ton. The expenditure of obtaining this quantity 
hardly amounts to 1201. per annum; the salt mine, therefore, had been worked by the 
people who held it at a rent of 250 tomans per annum at an enormous profit. The 
rent was therefore increased to'600 tomans last year, and to 1,000 tomans this year. 

The work at the mines, 1882-83—I have mentioned that the Mukhber-ed- 
Dowleh obtained from His Majesty the Shah the concession of the turquoise 
mines- for fifteen years, to begin from the 2let March 1882. The Shah was to 
. Teceive 9,000 tomans for the first, and 18,000 tomans for each of the remaining 
fourteen years. The Mukhber-ed-Dowleh took in partnership Amin-ed-Dowleh, 
Nassir-ed-Dowleh, and two Tehran merchants, Hajji Ali Nagi and Abdulbipt, 
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and agreed to about three-fifths of the responsibilities, the other two-fifths being 
divided between the four other partners. I was sent to the mines in April 

1882 as Director of the mines and Governor of the thereto-belonging district. 1 

had orders to work all the mines, mountains and Kh&ki, and monopolize the 
whole turquoise trade for the Company, by sending all turquoises to Tehran. I 

had full authority to act as I considered best for the profit of the Company 

regarding the working of the mines, increasing or abolishing taxes, &c. I 

arrived at the mines in May, and had after a fortnight organized an adminis- 

tration, arranged the proper working of the mines, and abolished the promis- 

cuous sale and purchase of the turquoises by the rayots. As I worked all the 

mines for the benefit of the Company the rayots could in justice not be expected 

to pay any tax on the mines, and I reduced the 8,000 tomans they paid when in 

possession of all the mines to 500 tomans, which I calculated on their sheep, cattle, 

fields, &c. The rayots were very much satisfied with this arrangement, but 
difficulties soon arose. The partners, instead of letting me do as I considered best, 
and as really was best for them, interfered continually. Every day I received 
different orders; the Rish-i-Safids, who under the new régime found themselves 
deprived of the gains they formerly had when they could buy turquoises from 
the mines and sell them at Meshed, intrigued; the partners of the Company 
neglected to supply me with money, and once when I had kept the miners seven 
weeks without their wages there was a strike; the villagers revolted, &c. In 
spite of all these difficulties I worked the mines, if not at a profit, certainly not 
at a loss, and left them in May of this year. 

The work in 1883.—The partners then arranged to take again a tax from the 
villagers, 8,000 tomans instead of 5,000 as before, work a few mines themselves, 
and let others separately to some of the Rish-i-Safids and villagers. They‘also 
continue to monopolize the turquoise trade and prohibit the selling of the tur- 
quoises by the rayots to others but their agents. They have wisely discontinued 
the dispatch of all turquoises to Tehran as well as the cutting of them at 
Tehran. They now keep only the good turquoises and sell the inferior qualities 
at the mines or at Meshed. The mines may with these arrangements be worked 
without a loss, but the profit, if there is any, is, as can be seen trom the following 
estimate of income and expenditure, very small :— 


INcoME. 
Present income and expenditure. 
Tomans.} 
Taxes on turquoise mines - : . ‘ F . 8,000 
» salt mine ‘ - 41,000 


(These two sums are oigenarally paid i in barquolacs. ) 
Value of turquoises obtained from the three or four mines kept ” 
the Company . ° 6,000 
Profit on sale of turquoises bought from the eayota, and Tee 
ceived in lieu of taxes, 10,000 tomans bought and 9,000 
tomans taxes . ° e , : : ° . 5,000 





Total income - 20,000 





1 The present value of tho toman is 6s, 8¢.—Foreign Office, January 1884. 
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* The two last items, 6,000 and 5,000 tomans, are maxima; whenever they do 
not reach those figures, which is very probable, there will be a loss. 


EXPENDITURE. 
Tomens. 
Yearly rent to Government. . . . : . - 18,000 
Administration expenses . 41,600 
Working expenses and = &e., of the mines kept by the 
Company - é ° : - ° : ‘ ‘ 500 


Total expenditure - 20,000 





Tehran, October 6th, 1883. 


Notice of a further Fiery Eruption from the Minbyin Mud Volcano ef Cheduba 
Island, Arakan. 


From Cotonet E. B. Stapen, M.S.C., Commissioner of Arakdu, to the Superintendent, 
Geological Survey of India, dated Akyab, the 27th May 1884. 


I have the honour to annex for your information translation of a report by 
the Myoék of Cheduba Island Township, in the Kyouk Pynu District of this Divi- 
sion, relative to a volcanic eruption which is said to have taken place on the 
island on the morning of the 28th ultimo. This is the same volcano which was 
in activity on the 3lst December 1881, as reported in my letter under date the 
4th January 1882. 


Report of Mra Tha Dun, Myotk of Cheduba Township, Kyouk Pyu District. 


The Myodk of Cheduba respectfully begs to report that about 8 o’clock on the morning 
of the 28th April last the volcano in the Minbyin Circle of this Township was observed to be 
in eruption. The report of the eruption was brought to me by the Yazawootgoung of the 
place. Appended are the questions put him and his replies thereto -— 


Question. " Answer. 
1. Did the eruption burst out violently or 


was it gradual ? : - Sudden and violent. 
2. To what height did the flames rise p - Apparently about 2,400 feet (sic). 
3. What was the circumference ? ° e About 600 feet. 
4. How long did the eruption last? . e About an hour. 
&. Did the flames give out any smell ? - A smell of petroleum. 
6. Was there much smoke P . ‘ » Yes, dense smoke. 
7. Was mud ejected P. * ‘ ; - Mud and gravel. 


? See Records, Geological Survey of India, Volume XV, page 141, 
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Report on the Langrin Coal Field, South-West Khasia Hills, by Tom. D. La 
Toucuz, B.A., Geological Survey of India. (With a map.) 


On my return from the Aka expedition in the beginning of February last, 
I made arrangements to visit and examine in detail the coal field situated in the 
Khasia Hills to the north of Langrin in Sylhet, one section in which, namely, 
that near Borsora, I had visited in May 1883, and described in Vol. XVI, Part 3 
of the Records for that year. In thatreport I drew attention to the similarity 
between that section and the one described by Colonel Godwin-Austen as occurring 
on the Um Phi, a tributary of the Um Blay, about 10 miles to the north-west 
of Borsora (J. A. S. B., Vol. XXXVIII, Part II, No. 1, 1869), and the object 
I had in view was to find out whether the coal-bearing rocks were continuous 
in the intermediate area, and to search for other sections of the coal seams. 
Owing to the difficulty of procuring coolies, and my having to march across the 
hills from Gauhati, I did not reach the coal field till the last week in February, 
and so was not able to do as much as I had intended; but, as far as they go, 
the result of my investigations has been satisfactory. The coal-bearing rocks 
are exposed over an area of nearly 30 square miles, and at several points in this 
area, I have found exposures of coal at about the same horizon as that of the 
above-mentioned sections, so that there can, 1 think, be little doubt that there is 
a large amount of coal available here within a short distance of the plains. 

The area examined is a plateau roughly triangular in shape, bounded on the 
north-east by a steep scarp overlooking the river Um Blay, on the south by 
the plains of Sylhet, and on the west by a range of hills of newer formation than 
the coal-bearing rocks. The average elevation of this plateau is about 1,500 
feet above the plains, its surface sloping gradually (at an angle of 5° to 7°) to 
the south-west, and descending abruptly on the south to the plains, It is 
deeply trenched by several small streams, the two principal being the Um Plu 
flowing north-east into the Um Blay, and the Um Soor flowing south into the 
plains. Both of these have cut far back into the plateau, and flow in narrow 
gorges several Hundred feet deep. Numerous smaller streams flow into the plains, 
the principal drainage being in this direction. On examination of the rocks 
forming the plateau, these features are found to be due to the fact that they dip 
to the south-west at the same angle as the general inclination of the surface 
until near the steep slope above the plains, where they bend over to the south 
at an angle of about 30°, on the line of the flexure which runs along the south- 
ern edge of the Jaintia and Khasia Hulls from the Jatinga, north of Silchar, 
and are quickly buried beneath the alluvium of the plains. The geology of the 
plateau is very simple, and the succession of the rocks is well seen on ascending 
to it from Rilang Bazaar up the scarp overlooking the Um Blay. In the bed 
of the river and forming cliffs on either side of it rising to 100 feet or so in 
height, the lowest rock of the plateau, the Sylhet urap, is seen. This rock need 
not be further noticed here. Upon it rests the lower beds of the cretaceous 
series, about 1,000 feet of coarse felspathic sandstone, purple and blue in colour, 
with strings and lenticular beds of well-rolled quartz pebbles. This rock forms 
a steep scarp immediately over the river, and extends for about half a mile beyond 
the upper scarp, which rises for another 1,000 feet above it. The rocks in the 


114 Records of the Geological Survey of India. [voL. XVII. 


upper scarp consist of coarse white sandstones becoming finer on ascending, 
and near the top alternating with beds of indurated clay and coal. About 300 
feet from the top, a bed of limestone 6 feet thick is crossed. This limestone is 
hard, compact, with a splintery fracture, and contains a few obscure fragments 
of fossils, but no nummulites. The coal occurs close to the top of the scarp 
at the point marked D on the map. The section is described below. 

On reaching the top of the scarp the path leads for about 5 miles to the west 
over the surface of the plateau, descending gently to the foot of the ridge called 
Nongkulang hill. Immediately on commencing the ascent of this hill, nummulitic 
limestone is met with, resting conformably upon the cretaceous rocks below. 
This limestone is about 250 feet thick, and is succeeded conformably by fine 
ferruginous sandstones of later tertiary age continuing to the top of the ridge. 
On the south the limestone bends over with the cretaceous rocks below, and 
forms a fringe along the face of the hills, disappearing beneath the allavium of 
the plains. In this fringe the large limestone quarries belonging to Messrs. 
Inglis & Co. are situated. 

The sections I examined are as follows, the rocks in each case being given in 
descending order :— 

A.—This is the section described by Colonel Godwin-Austen (loc. cit.), and 
occurs in a small ravine in the north bank of the Um Plu, at an elevation of 
about 850 feet above the stream, 1,250 above the plains :— 


Sandstone, coarse, red, and purplish, about . 


Coal : 
Seam No. 4. jCarbonssoas sh shale . : 
Coal ; ‘ ; ‘ 
Sandstone, white F P : 
Coal : e 
Shale, light coloured ; 
Seam No. 3. <Carbonaceous sandy shale 
Shales, light coloured, passing upwards into fine 
and coarse sandstone é ‘ 


mPoasesonod # 
bed 
COMOWMOMO SE 


Coal e ® e 
Carbonaceous shale ‘ 


Seam No. 2. Coal . , 
Carbonaceous shale ‘ 
Sandstone, white, rather coarse . 

Seam No. 1 , Coal, whole thickness of seam not visible 


te 
Oanw- © aS 
eooooooe 8 


bo 
S 
° 


ToraL 


Total of coal 15 feet. 


B.—In a ravine about 70 feet deep on the path from the Um Plu to the vil- 
lage of Nongyon. There is here a seam 11 inches thick at the bottom of the 
ravine in the right bank overlaid by white and brown sandstones. This seam 
probably corresponds to the upper part of seam No. 4 in section A. None of the 
rocks below the coal are exposed, but the presence of the other seams might be 
easily determined by boring. 
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C.—In the gorge of the Um Plu below the village of Nongkerasi. The coal 
occurs at the bottom of the gorge about 270 feet below the village. Two scams 
from 7 inches to a foot in thickness separated by about 2 feet of highly carbona- 
ceous shale can be traced for a considerable distance down the stream, which 
flows to the west along the strike of the rocks. 

D.—On the path from Nongkerasi to Nongmaotien, about 14 miles from 
the latter village, near the top of the scarp over the Um Blay. One seam only is 
exposed 5 feet 6 inches thick, with carbonaceous shale above and below. The 
hill-side is so covered with jungle and talus, that if any of the other seams are 
present, they are entirely covered up. Elevation about 2,000 feet above the 

lains, 
: B.—This is the section I visited and reported on in May 1883. It occurs in 
aside ravine on the stream flowing into the plains at Borsoragaon to tho north 
of Laour. The following is the succession of the rocks seen in the section :— 





Ft. Ins, 
Seam No. 4 { shee sandstone and shale ; at ts ; 
Seam No, 8, { yellow eandstons oe a é0 ° 
Seam No, 2 a sindstone : 5 0 
Seam No.1 Coal . : : ‘ ; . : ae 8 10 
Totaan 1388 2 





Total of coal 13 feet 2 inches. 

The elevation of this section is about 200 feet above the plains. 

F,—On the path up the hill from the village of Lakma, about 14 miles 
west of the last section and 700 feet above the plains, a seam of coal 2 feet 
thick is exposed, dipping south at 20°, The ground above and below is covered 
with jungle and talus, but a very little excavation would show whether the other 
seams of section KE are present here. 

At Lakma the fringe of limestone which extends along the southern face of 
the hills is interrupted for about a mile, this portion having been removed by 
denudation. 

G.—On a path up the hill from the large limestone quarry about 8 miles west 
of Lakma. This section is very similar to the last, and is at 750 feet above the 
plains. There is one seam 2 feet thick exposed, and dipping to south at 18°, 
It would be worth while, I think, making an excavation at this point also, to 
determine whether there are any other seams than the one exposed. 

Two specimens of the coal from section E have been analysed by Sub-Assist- 
ant Hira Lal of the Geological Survey, and have given the following results := 


. Seam No.1, Seam No. 2, 
Moisture 


® PY e Py ® von SUZ 
Other volatile matter . 85°16 39:58 
Fixed carbon . . 60°40 50°80 
Ash , ‘ : 8:60 6°60 


ae 8 8 ae 


Totan 10000 10000 
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No. 1 does not cake ; ash pale red. 

No. 2 cakes ; ash red. 

With regard to the working of the coal, I would recommend that the expo- 
sures on the southern edge of the field, those nearest to the plains, should be 
opened out first, as the cost of carriage from the mines would be reduced to a 
minimum, Then, as the demand for the coal increased, the workings might be 
pushed further into the hills. The coal might, I think, be used with advantage 
in the burning of the limestone, which is quarried at the foot of the hills. At 
present the limestone is quarried in the cold weather, taken during the next rains 
to Sunamgunj on the Surma, where it has to remain till the next cold weather, 
during which it is burnt in a wasteful manner in holes in the river banks, the 
fuel used being reeds. It has then to be stored in the godowns till the rains, 
when it is carried to market. (Dr. Oldham, Mem. Geol. Survey, Vol. 1, 
Pt. II, 1858.) Two years thus elapse between the time that the stone is quar- 
ried and delivered as lime in Calcutta. Whereas if the coal on the spot were 
used, and kilns of the European pattern built, the limestone might be quarried 
and burnt during the cold weather, and the lime shipped off in the next rains, 
whereby a great saving in time and labour would be effected. The analyses 
given above show that the coal, owing to the small quantity of ash contained 
in it, would be excellently suited for burning lime. 


Additional notes on the Umaria Coal Field (South Rewah Gondwana Basin), by 
Theodore W. H. Hugues, A.R.S.M., C.E., F.G.S., Geological Survey of 
India. 


Ait the close of my last year’s notice of progress in connection with the Umaria 
coal field, I expressed the hope that another six months would furnish us with 
data enough to give practical answers to all practical questions. I am happy to 
say that the necessary stage in our investigations has been reached which enables 
us to do so, and I think I may now write authoritatively as to the capabilities 
and value of the coal deposits. 

The main point shadowed in doubt was, whether the seam, which at its out-crop 
measured only 4 feet 2 inches to 4 feet 8 inches, increased 
to a more efficient thickness to the deep. The records of 
the borings were all in favour of the expression of most 
sanguine views, but unfortunately the only direct unquestionable evidence as. to 
the behaviour of the coal rather damped the ardour of one’s hopes. There was 
no augmentation of the seam in the inclines, though the latter had been advanced 
some considerable distance to the deep, and expectation had accordingly to be 
buoyed up by faith in the testimony of the journals handed down by Mr. Stewart 
in 1882. 

There was, however, the possibility that these might have been coloured by the 

Bectaeas e bias of one’s proclivities, and that shales, which were no- 
iscrnele: eee | thing more than carbonaceous, had been merged in coal, 
and thus an excessive proportion of the latter had been 

registered. To those, therefore, who maintained an attitude of incredulity in the 


Questionable thicken- 
ing of seam. 
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worth of the Umaria field, this contingency and the steadiness of the seam in the 
inclines lent force to their views. 

My own position was one of trust in the sections that our preliminary investi- 

est bori gations revealed, but in order to leave no room for carping, 
ing. ° ‘ . , . 
instructions were given that a test boring should be carried 
out in the northern area of the field, where the seam was stated to be 10 feet 
thick, and that if it confirmed our previous knowledge, a shaft should be sunk, to 
afford facilities for examining the coal and procuring samples of it. 

For the purpose of helping forward the plan of working that I had submitted 
to Captain Barr, the Political Agent and Superintendent 
of Rewah, the services of Mr. Thomas Forster, M.E., were 
again retained, from Ist November 1883, and with him were associated two 
young assistant mining engineers, M. M. Hughes-Hallett and Munsch. Their 
efforts were directed to completing No. 1 pit, proving Mr. Stewart’s No. 9 bore 
hole, continuing the incline, and commencing a second shaft. Matters progressed 
fairly well during the first month, but great difficulty was experienced in mould- 
ing local labour, and it was deemed expedient to introduce contract work. 

After a short trial, it was found to be distinctly advantageous, and an agree- 

Gsneracy. apie Aa: ment was entered into with Mr. Stoney of Katni to pay 
tecdaned. R10 per foot of sinking for the first 50 feet, and R12 for 
each subsequent foot up to 100. For driving in the in- 

cline R4 a ton was the rate fixed upon. 

Two skilled native fitters and a carpenter were imported from Karharbari to 
put up the necessary pit head gear and jins, and they 
worked very satisfactorily. They had, however, to be paid 
high wages, R40 and R30 a month respectively, and as 
soon as they could be conveniently dispensed with, they were discharged. On 
the western side of India, I am aware that these wages are not considered out- 
rageous, but in Bengal men can be engaged for just one-half the sum we had to 
offer. 

With various interruptions from causes that could not be foreseen and guard- 
ed against, each shaft was taken down to the coal. There 
was fortunately no difficulty in dealing with water until 
the seam was reached, a pair of ordinary sinking buckets being quite sufficient to 
keep the pits dry. We were prepared, however, for an influx when the coal was 
tapped, but though this fear was confirmed in the case of No. 1 shaft, strange to 
say in No. 2, where a much larger rush was anticipated, no body of water was 
met with. In one sense, the drowning of No. 1 is a favourable sign, as it implies 
the probability of a more extensive area of coal leading to it than had at first 
been surmised. 

The absence of water in No. 2 is perhaps owing to one or more faults cutting 

_ off the flow in the direction of the pit. This is a mere 

a Ohae of water in conjecture offered in response to the natural surprise 
created by the phenomenal dryness of the shaft. Situated as 

it is in the midst of a very much larger area of coal, and much further removed 
as it is from the outcrop of the seam than No. 1, we certainly inferred that 


Superintending staff. 


Fitters’ wages. 
Carpenter’s wages. 


Water during sinking. 
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there would have been a greater volume of water to cope with, but as events 
have proved, our apprehension was not verified. It was an extremely fortunate 
circumstance for us, as we were spared the necessity of indenting for expensive 
pumping machinery, and were enabled the sooner to bring our explorations to a 
decisive issue. 

The boring intended to check the accuracy of the pioneer journals was put 
down close to Mr. Stewart’s No. 9 hole, and it tallied closely with its fellow, 
the sections being— 














No. 9 (1882). T. G. Srswarr, descending. No. 9a (1888). A. Munscu, descending. 
Sandstones and shales. Sandstones and shales, 

(a) Coal. - 2. . Or Coal ee OM 
(5) Carbonaceous shale : ‘ » Loe Carbonaceous shale : . 80" 
(c) Carbonaceous shaly sandstone . 3’ 0” Carbonaceous shaly sandstone ~ 30” 
(d) Coal . : - 10° 0” Carbonaceous shale. ; . Vo" 
(e) Carbonaceous shaly sandstone . 3’ 0" (d@) Coal ; ‘ ‘ - 8&0" 
(f Carbonaceous shale . ° . Vo" Carbonaceous shale . ; . vo 
(gy) Coal. . = me eo" Coal tw - . . Lo 
(%) Carbonaceous shale , : 1’ 0” Carbonaceous shale ; : . vo 
(i) Coal. ; ‘ - 6 0" Coal ; : : - . Yo" 
Carbonaceous shale . ‘ . 80" 
Coal , : : ; . 40" 
Toran 29’ 0” Toran 28’ 0” 





Encouraged by the assurance of coal that these returns afforded, we! set out 

, ., the position for the second (or No. 2) shaft, within a few 

cl = a 2 shaft 7’ 0" yards of the bore holes; and just before the close of the 

season the seam at (d) was passed through and an open 

view obtained down to that level. There are 7 feet of clear coal, and all the stone 

interpositions that disfigure the seam in the quarry have disappeared with the 

exception of the clinker band. The coal is firm and homogeneous in structure, 

and has all the promise of being much better in quality than that cut in the 
incline and which was selected for the Caleutta Exhibition (1883-84). 

A considerable impetus was given to the development of the field, by the 

eee ee acceptance on the part of the Great Indian Peninsula 
coal, G. I. P. Railway, Railway of a tender from the Rewah State to supply 
2,000 tons of coal. The rate was H1l3 a ton delivered 
into the wagons at Kaini. As neither of the shafts had reached coal, the 
inclines had to be extended much more than was originally intended; but with 
the most crude and unfinished labour and system of working, we were in a posi- 
tion to meet easily the demands made upen us, and we could without any anxiety 
have faced more onerous obligations. 

The most difficult part of our contract was the carting between Umaria and 
pieniigs ce Katni. We had calculated that the Government rate of 
ca «(THOS = -3sannas a koss fora load of 14 maunds, or R6-12 a ton, 

would have secured us as many carts as were requisite to 


"Mr, Hughes was appointed Superintendent of the Rewah Coal Explorations in 1662, and has 
remained in charge to date.—W, K, 
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transfer the coal to the railway, but we found that nothing so favourable could bo 
arranged ; and we had to pay from R7-8 to R8-7 to R9-4 a ton for carriage 
from Umaria to Katni. 

There is an excellent fair-weather road from one place to the other, and through- 
out the 20 miles that it runs in British territory, nearly 
all the streams are traversed by causeways. In making 
such excessive demands as the carters did, I presume 
they were reaping out of our necessities, for there could be no reasonable cause of 
complaint, either about the gradients or the constitution of the road. It is 
almost level throughout, with only one large river (the Mahanadi) to cross, and 
for one-third of its length it has a serviceable natural metalling of laterite 
and gneiss. 

About 1,600 tons of coal were raised during the season. At first the output 
was small when there were only a few working faces, but 
as we headed out and more opportunity of getting at the 
coal presented itself, 12 to 15 tons a day was the average produce, The galleries 
were 6 feet high by 8 feet broad. Pillars were 20 feet. No accidents occurred 
to those employed 1n cutting, and the roof stood perfectly without any artificia] 
support. The immunity from casualties that the men enjoyed, encouraged 
them to persevere in their new occupation, and we have succeeded in laying 
the foundation of a small mining community. I am sorry to say that no attempt 
was made to teach the use of the pick, either as practised by English miners, or 
in some modified form, though I particularly wished it; but I trust this omission 
will be rectified next year. Nearly 550 tons of coal were delivered to the Great 
Indian Peninsula Railway, and 200 tons of slack to Mr. Cook, the latter paying 
at the rate of R8 per 100 maunds at Umaria. Mr. Cook’s object was to have 
fuel that he could use for lime-burning during the rains, but I have not yet 
heard whether it was suitable. 

To test the running power of the coal on the Great Indian Peninsula Rail- 
way, Mr. Forster arranged that a trial trip should be 
made with a full-load train. Accordingly the local 
Foreman of the line, Mr. Forster, and myself left Jabal- 
pur on the 12th of May 1884 with a baggage tram of an average gross weight, 
excluding the engine and tender, of 410 tons that ran as far as Sohagpur 
(122 miles). A report of the result achieved has been submitted to the Political 
Agent of Rewah by Mr. Forster, and I prefer in this instance to quote approxi- 
mately his words : 


Good road between 
Umaria and Katni. 


Coal raisings, 


Running power of 
coal, 


*‘ By the kindness of the Traffic Superintendent, Mr. Maurice, we were given a full train load 
ef 32 vehicles. The engine supplied by Mr, Watson, of the Loco- 
motive Department, was all that could be desired. 

<¢ We started from Jabalpur at 10-20 P.m., 12th May 1884, srriving at Sohagpur about 9 a.m. 


on the following morning. 

“J am exceedingly glad to say that the conl steams admirably ; and even when going up hill 
with the full load, steam was blowing off from the safety valve. The fire was cleaned out twice 
on the journey; not that it was really necessary, but as a precautionary measure against choking. 
During the trip, I noted particularly that very few sparks were thrown out, and that the coal was 
not more fuliginous than the general run of country coal, At starting we had 3 tons 16 cwt. 


Mr. Forster’s report. 
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19 lbs. of eoal on the tender, lighting up of engine included. The amount of coal left on tender 
after completing the trip was 1 ton 9 cwt. 2 qrs. 2 Ibs. The consumption on the journey was 
therefore 2 tons 6 cwts. 1 qr. 21 Ibs. The evaporation was 5°4 Ibs to 1 Ib, of coal.” 


Reducing these figures to the standard of pounds consumed per train mile, 
we have 8,531 Ibs.—3,330 Ibs.=5,201 Ibs. the actual amount burnt. Then 


6,201 lbs. 
122 miles 


coal, and is far less than Mohpani and Raniganj coal, the comparison being— 


=42°53 Ibs. per train mile. This is only slightly in excess of Karharbari 


Karharbari.* Umaria, Raniganj.? Mohpani. 
40 Ibs. 42 lbs. 51 Ibs. 55 Ibs. 


The facts now established in regard to the Umaria coal field are— 
ist.—That there is an abundant store of coal. 

2nd.—That there is a convenient working thickness of at least 7 feet of 
coal. 

3rd.—That the coal lies within easy access of the surface. 

4th.—That the dip is slight. 

5th—That there is a good roof to the coal. 

6th.—That the working power of the coal is almost equal to the Karharbari 
coal. 

7th.—That the coal measures are not heavily watered. 


Such an array of truths, and the commanding geographical position that the 
Umaria field holds as an area of supply for Western and North-Western India, 
render it unnecessary for me to enter into a lengthly advocacy of the expediency 
of bringing within reach of public use, with as little delay as possible, the splendid 
coal resources of the Rewah State. These can only be made available, however, 
by cheapening the conveyance between Umaria and Katni and substituting for 
the native gharrywallah a more practical form of carriage. 

At present the Great Indian Peninsula Railway Company are willing to pay 
R13 a ton for the Umaria coal, but such a price as this would, in the interests of 
the coal itself, limit its area of distribution too seriously to be maintained. The 
aim of those who may eventually work the coal field ought certainly to be to 
reach as far over Central India and the North-West Provinces as possible, and 
one of the essential means to this end is a broad gauge railroad connecting 
Umaria with the most favourable point on the Jabalpur branch of the East Indian 
line. 

It is to be hoped that no unnecessary procrastination on the part of Government. 
will now take place m deciding what course to pursue, so that a. cheap market may 
be thrown open to the mutual advantage of producer and consumer. 


? Extracted from return furnished by the Consulting Engineer to the Government of India 
for Guaranteed Railways. 


Catcurta; 
Ast July 1884. 
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ADDITIONS TO THE MUSEUM. 
From list Apgiz To 30TH JuNE 1884. 


One sample each of pitch, tar, valveline, mineral tallow, paraffin, batching oil, lubricating 
oil, and burning oil, manufactured from Burmah earth oil, and a sample of Burmah 
earth oil. 

PRESENTED BY THE ‘Rancoon Orn Company, RaNGoon. 


Sample of a chatoyant jade, called ‘ cat’s eye,’ said to be from Central Asia. 
PRESENTED BY LizUTENANT-COLONEL Sir O. B. C. St. Jonny, K.C.S.1., R.E. 
Twenty-seven specimens of clays, glazing materials, and pigments, used in the manufacture 
of Indian pottery at the Bombay ‘ School of Art.’ 
PRESENTED BY B. A. Guptz, Heap Cierx, ‘Scnuoon or Art,’ Bompay. 
A model of the ‘Gor-do-Nor’ diamond, recently found in the Bellary district, Madras. 
Presidency. 
PRESENTED BY Messzs. P. Onk anv Sons, Mapkas. 
Thirty-two specimens of rocks from Dalhousie region. 
PRESENTED By CotonEt C. A. McManon, F.G.S., DaLHousiE. 
Specimens illustrating the malleability of sheet iron used for tin-plate making, from the 
‘Wilden Iron Works,’ near Stourport, England. 
PRESENTED BY Mezsszs. E. P. & W. Batpwin, ENGLAND. 


A paleolithic implement, from surface of laterite, near Katangi, Katni tahsil, Jabalpur 
district: found and presented by Mrs. W. King. 


ADDITIONS TO THE LIBRARY. 
From Ist APRIL To 30TH JUNE 1884. 


Titles of Books. Donors. 

ALBREcHT, Paut.—Sur la fossette vermienne du crane des mammiféres. 8° Pam. 
Bruxelles, 1884. 

THE AUTHOR. 


Baxtey, THomas.—A pocket book for chemists, chemical manufacturers, metallurgists, 
dyers, distillers, brewers, sugar refiners, photographers, students, &c- 
2nd edition. 12° London, 1881. 
Bett, Atonzo.—Report on the hot springs of Arkaneis made to the Secretary of the 
Interior. 8° Pam. Washington, 1882. 
Home DerarTmMent. 


BowErBank, J. S.—A monograph of the British Spongiade. Edited, with additions, by 
A. M. Norman. Vol. IV. (Ray Society.) 8° London, 1882. 

Brapy, G. Stewarpson.—A monograph of the free and semi-parasitic Copepoda of the 
British Islands. Vols. II—TIII. (Ray Society.) 8° London, 1880. 

Brorck, ERNEST VAN DEN.—Note sur un nouveau mode de classification et de notation 
graphique des dépots géologiques basé sur l’étude des phénoménes de la 
sedimentation marine. 8° Pam. Bruxelles, 1884, 

Tae AvurHor. 
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Titles of Books. Donors. 

Brown's Klassen und Ordnungen des Thier-Reichs. Band I. Protozoa, Lief. 26-27. 
Band II. Porifera, Lief. 3-5. Band VI. Abth. V. Saugethiere: Mam- 
malia, Lief. 27. 8° Leipzig, 1884. 

Bucu, Leoronp von.—Gesammelte Schriften. Herausgegeben von J. Ewald, J. Roth 
und W. Dames. Band III. 8° Berlin, 1877. 

Beckton, Grorerk BowpLER.—Monograph of the British Apbides, Vols. ITI-IV. (Ray 
Society.) 8° London, 1881 & 1883. 

CaMERON, PEtrr.—A monograph of the British Phytophagous Hymenoptera. (Tenthredo, 
Sirex and Cynips, Linné.) Vol. I. (Ray Society.) 8° London, 1882. 

CaPELLINI, G.—Della Balena di Taranto confrontata con quelle della nuova zelanda e con 
talune fossili del Belgio e della Toscana. 4° Pam. Bologna, 1877. 

H. F. Buanrorp, Esq. 


Cottins, J. H.—Mineralogy. Vols. I—II. 8° London, 1878 and 1883. 
Dumont, J. B.—Synoptical tables of modern Chemistry. Vol. I. Ino ganic Chemistry, 
part 5, Metsls—Manufactures. 8° Calcutta, 1884. 
Duront, Epovarp.—Notices préliminaires sur les fouilles exécutées sous les auspices du 
Gouvernement Belge dans les cavernes de la Belgique. TomelI. 8° 
Bruxelles, 1867. 
H. F. Buanrorp, Esq. 


Geological Survey of Illinois. Vol. VII. Geology and Paleontology. 8° Springfield, 1883. 
Prorrsson A. H. WorTHEN. 

Geology of Wisconsin. Vols. I and IV. With Atlas. 8° Madison, 1883 and 1882. 
SUPERINTENDENT, Pupiic Property, Mapison. 


Hyatr, ALPHEUs.—Genera of Fossil Cephalopods. 8” Boston, 1883. 
TaEe AvtHor. 


Jervis, Guarretmo.—I Tesori Sotterranei dell’ Italia. Vols. I—II, 8° Torino, 1873—74. 
H. F. BuanFrorp, Esq. 

Kine, Writiam.—Geology at a glance. 6th edition. 4° Pam. Dublin, 1863. 
Witz. Kine, Esq. 


- Synoptical table of aqueous rock-groups, chiefly British, arranged in 
their order of superposition and chronological sequence. 8° Pam. 
Dublin, 1863. 


WiLL. Kine, Esq, 


Kine, Witu.—Notice of a pre-historic burial place with cruciform monoliths, near 
Mungapet in the Nizam’s Dominions. 8° Pam. Calcutta, 1877. 


Tue AvuTHor. 
2 Des Puits Artésiens & Pendichéry, et de la possibilité de recouvrir de 
sources semblables & Madras. 8° Pam. Pondichéry, 1880. 


Tae AvurHor. 
Paléontologie Frangaise. Ire Série, Animaux Invertébrés, Terrain Jurassique, livr. 67 and 
68. 8° Paris, 1884. 
QuENsTEDT, Fe. Ave.—Handbuch der Petrefaktenkunde. Auflage ITI, Lief.15. 8° Tiibin- 
gen, 1883. 
Rivor, E.—Description de la préparation mécanique des minerais de plomb dans le Ober- 
Harz. 8° Paris, 1851. 
H. F. Branrorp, Esa. 
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Titles of Books. Donors. 
Sgetta, Quintrno.—Commemorazione funebre del deputato Sella. Fisc. Roma, 1884. 
CaMERA DEI DErvratt. 
SHERIDAN, P. H.—Report of an exploration of parts of Wyoming, idaho, and Montana, in 
August and September 1882. 8° Pum. Washington, 1882. 
Homes Department. 


SHortt, JoHn.—The hill ranges of Southern India. Parts 1—6. 8° Madras, 1870—1883. 


Special catalogue of exhibits in the Tasmanian Court at the Calcutta International Exhibi- 
tion, 1883-84. 8° Calcutta, 1883. 
CoMMISSIONER FoR TasMANIA. 
VERBEEK, R. D. M.—Kort verslag over de Uitbarsting van Krakatau op 26, 27 en 28 
Augustus 1883. 8° Pam. Batavia, 1884. 
THE AUTHOR. 
Wuirr, C. A., and Aucury, Samuvre.L.—Artesian wells upon the Great Plains. 8° Pam. 
Washington, 1882. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
ZIMMERMANN CHRISTIAN.—Die Wiederansrichtung verworfener Gange, Lager und Flétze. 
8° Darmstadt, 1828. 
H. F. Branrorp, Esq. 


ZitTEL, Kart A.—Handbuch der Palwontologie. Band II, lief. 3. 8° Miinchen, 1884, 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 3rd Series, Vol. XXVIJI, Nos. 159—161. 8° New Haven, 
1884. 
THE Epirors. 
American Naturalist. Vol. I. 8° Salem, Mass. 1868. 
Annalen der Fhysik und Chemie. Neue Folge. Band XXI, heft 3—4, and XXII, heft 5. 
8° Leipzig, 1884. 
Annales des Mines. 8 Série, Tome I, livr. 3, and IV, livr. 4—5. 8° Paris, 1882 
and 1883. 
L’ ADMINS. DES MInzs. 


Annales des Sciences Naturelles. 6me Série, Botanique, Tome XVII, Nos. 2—6. 98° 
Paris, 1884. 

Annales des Sciences Naturelles. 6me Série, Zoologie et Paléontologie, Tome XV, Nos. 
5—6, and XVI, Nos. 1—3. 8° Paris, 1883. 

Annals and Magazine of Natural History. 5th Series, Vol. XIII, Nos. 76—78. 8° London, 
1884. 

Archiv fiir Naturgeschichte. Jahrg. XLIX, heft 5, and L, heft 1. 8° Berlin, 1883-1884. 

Athenzoum. Nos. 2941—2954. 4° London, 1884. 

Beiblatter zu den Annalen der Physik und Chemie. Band VIII, Nos. 2—5. 8° Leipzig, 
1884, 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3me Période, 
Tome XI, Nos. 1—2. 8° Genéve, 1884. 

Bibliothéque Universelle et Revue Suisse. 3m¢ Période, Tome XXI, Nos. 62—63, and 
XXII, No. 64 8° Lausanue, 1684. 

Botanisches Centralblatt. Band XVII, Nos. 9—13, and XVIII, Nos. 1—9, 8° Cassel, 
1884, 
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Titles of Books. Donors. 
Chemical News. Vol. XLIX, Nos. 1267—1280. 4° London, 1884, 

Colliery Guardian. Vol. XLVII, Nos. 1209—1223. Folio. London, 1884. 

Das Ausland. Jahrg. LVII, Nos. 8—22. 4° Miinchen, 1884. 

Geological Magazine. New Series, Decade II[, Vol. I, Nos. 3—6. 8° London, 1884. 

Tron. Vol. XXIII, Nos. 582—695. Folio. London, 1884. 

Journal de Conchyliologie. 3 Série, Tome XXIII, No. 3. 8° Paris, 1883. 


Journal of Science. 3rd Series, Vol. VI, Nos. 122—124. 8° London, 1884. 
Tae Eprror. 


Journal of Indian Art. Nos. 1—3. 4° London, 1884. 
REVENUE AND AGRICULTURAL DEPARTMENT. 


London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th Series, 
Vol. XVII, Nos. 106—109. 8° London, 1884. 

Mining Journal, with supplement. Vol. LIV, Nos. 2532—2545. Folio. London, 1884, 

Natursz Novitates. Nos. 4—9. 8° Berlin, 1884. 

Nature. Vols. XXIX, Nos. 749-757, and XXX, Nos. 768—762. 4° London, 1884. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Jahrg. 1884, Band I, heft 
3. 8° Stuttgart, 1884. 

Paleontographica. Band XXX, Theil I, and Band XXX, Theil I, lief. 1. 4° Cassel, 


18838. 
Petermann’s Geographische Mittheilungen. Band XXX, Nos. 3—5. 4° Gotha, 1884. 
- Supplement. No. 74. 4° Gotha, 1884. 


Professional Papers on Indian Engineering. $rd Series, Vol. II, No.5. And Index to 1st 
and 2nd Series. Filsc. Roorkee, 1884. 
THomason CoLLeGER oF Crvit ENGINEERING. 


Quarterly Journal of Microscopical Science. New Series, Vol. XXIV, No. 94. 8° London, 
1884. 

Zeitschrift fiir Naturwissenschaften. Folge IV, Band II, heft 6, and Band ITI, heft 1. 
8° Halle, 1883-1884. 

Zoological Record for 1882. Vol. XIX. 8° London, 1883. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Assam.—Report on the Administration of the Province of Assam for 1882-83. Fisc. Shil- 
long, 1884, 
CuiEF CoMMISSIONER OF ASSAM. 
Bompay.—Selections from the Records of the Bombay Government. New Series, No. 163. 
8° Bombay, 1883. 
Bomsay GovERNMENT. 
Inpra.—List of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, and Foreign Departments, as it stood on 
the lst January 1884. 8° Calcutta, 1884. 
Home DsrarrmMent. 
» Registers of Original Observations in 1883 and 1884, reduced and corrected. Sep- 
tember 1883 to January 1884, 4° Calcutta, 1884. 
MxgrzonoLogicaL Rerorrser To GOVERNMENT OF INDIA. 
» Report on the Census of British India, taken on the 17th February 1881. Vols. I 
and III. Filsc. London, 1883. 
REVENUE aND AcRicuLTURAL DaPaRTMENT. 
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Titles of Books. Donors. 


Inp1a.—Review of the Forest Administration in British India for 1882-83, by W. Schlich. 
F isc. Simla, 1884. 
Homz DEPARTMENT. 
9 Selections from the Records of the Government of India, Foreignr Department. 
Nos. 193 and 195. 8° Calcutta, 1884, 
. Forrian DEPARTMENT. 


9 Statistical Tables for British India. 4° Caleutta, 1884. 
GOVERNMENT Printine OFFICE. 
NortH-WeEstERN Provinces.—Statistical, descriptive and historical account of the North- 
Western Provinces of India. Vols. VII, VIII, and XIIE. 8° Allahabad, 


1883-1884. 
GOVERNMENT OF THE NorTH-WESTERN PROVINCES. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


AMSTEEDAM.—Jaarboek van het Mijnwezen in Nederlandsch Oost-Indié. Tweede Gedeelte, 
1883. 8° Amsterdam, 1883. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
BasEet.—Verhandlungen der Naturforschenden Gesellschaft in Basel. Theil VII, heft 2. 
8° Basel, 1884. 
THe Socrery. 
Batavia.—Notulen van het Bataviaaseh Genootschap van Kunsten en Wetenschappen. 
Deel XXI, Nos. 3-4, and XXII, No.1. 8° Batavia, 1884. 
THz SociEry, 
” Naturkundig Tijdschrift voor Nederlandsch-Indie. Deel XLIII. 8° Batavia, 
1884. 
THE SociEry. 
‘ Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXIX, Afl. 2-4., and 
XXX, Afl. 1-2. 8° Batavia, 1883-1884. 
THe SocikEry. 
BERtin.— Zeitschrift der Deutschen geologischen Gesellschaft, Band XXXV, heft 4. 8° 
Berlin, 1883. 
THE Socigry. 
Boston.—Memoirs of the Boston Society of Natural History. Vol. III, Nos. 6-7. 4° 
Boston, 1883. 
Tue Society. 
Fe Proceedings of the Boston Society of Natural History. Vols. XXI, pt. 4, and 
XXII, pt. 1. 8° Boston, 1883. 
THE Society. 
- Proceedings of the American Academy of Arts and Sciences. New Series, Vol. X. 
8° Boston, 1883. 
THe AcapEmMY. 
BursToL.—Bristol Museum and Library. Report of Proceedings at the 18th annual meet- 
ing, held 2ist February 1884. 8° Bristol, 1884. 
THs Museum. 
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Titles of Books. Donors. 
BrvssEts.—Bulletin de la Société Royale Belge de Géographie, Année VII, No. 6. 
8° Bruxelles, 1883. 
THE Socrery. 
CatcutTTa.—Journal of the Agricultural and Horticultural Society of India. New Series, 
Vol. VII, pt. 2. 8° Calcutta, 1884. 
. THE Society. 
Journal of the Asiatie Society of Bengal. New Series, Vol. LIII, pt. I, No. 1. 
8° Calcutta, 1884, 
THe Socrery. 
Proceedings of the Asiatic Society of Bengal. No. X (1883), and Nos. I—III 
(1884). 8° Calcutta, 1883 and 1884. 
Tue Socrery. 
Palzontologia Indica. Series X, Vol. II, pt. 6; Series X, Vol. III, pt.1; and 
Series XIII, Vol. I, pt. 4. fasc. 3. 4° Calcutta, 1884. 
GroLocicaL SuRVEY OF INDIA. 


Records of the Geological Survey of India. Vol. XVII, pt. 2. 8° Calcutta, 


1884. 
GEoLocicaL SurvEY oF INptIA. 


Report of the Archological Survey of India. Vol. XVII. 8° Calcutta, 1884. 
Homer DEPARTMENT. 


CugRistiaNta.—Udgivet af den norske Gradmaalingskommission. Vandstands-observa- 
tioner. Hefte II. 4° Christiania, 1883. 
THE ComMMission. 
Denra Dun.—Synopsis of the results of the operations of the Great Trigonometrical Survey 
of India. Vols. XVII—XXI. 4° Dehra Dun, 1883. 
G. T. Survey or Inpra. 


LAUSANNE.— Bulletin de la Société Vaudoise des Sciences Naturelles. 2”° Série, Vol. XIX, 
No. 89. 8° Lausanne, 1883. 
THE Socrety. 
LiverpooL.—Proceedings of the Literary and Philosophical Society of Liverpool. Vols. 
XXXV—XXXVII. 8° Liverpool, 1881—1883. 
Tue Sociery. 
Lonpon.—Journal of the Anthropological Institute of Great Britain and Ireland Vol. 
XIII, No. 3. 8° London, 1884. 
Journal of the Royal Asiatic Society of Great Britain and Ireland. New Series, 
Vol. XVI, pt. 1. 8° London, 1884, 
Tue Socrery. 
Journal of the Society of Arts. Vol. XXXII, Nos. 1633—1646. 8° London, 
1884, 
Tue Society. 
Mineralogical Magazine and Journal of the Mineralogical Society of Great 
Britain and Ireland. Vol. IV, No. 20. 8° London, 1881. 
Proceedings of the Royal Geographical Society. New Series, Vol. VI, Nos. 2—4. 
8° London, 1884, 


93 


Tre Socrery. 


» Proceedings of the Royal Institution of Great Britain. Vol. X, pt. 2, No. 76. 


8° London, 1883. 
Tus Inetrrorn. 
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Titles of Books. Donors. 


Lonpon.—Proceedings of the Royal Society. Vols. XXXV, No. 227, and XXXVI, No. 
228. 8° London, 1883. 
THE Society. 


= Quarterly Journal of the Geological Society. Vol. XL, Part 1, No. 167. 
8° London, 1884. 
THe SocrEry. 


MapDrip.—Boletin de la Sociedad Geografica de Madrid. Tomo XVI, Nos. 1—4. 8° Mad- 
rid, 1884, 
THE Socigty. 
ManCHESTER.—Transactions of the Manchester Geological Society. Vol. XVII, pts. 13—15, 
8° Manchester, 1884. 
Tux Socrety. 
MELBOURNE.—Reports of the Mining Surveyors and Registrars for quarter ending 31st 
December 1883. Flsc. Melbourne, 1884. 


Minina DEPARTMENT, VICTORIA. 


Moscov.—Bulletin de la Société Impériale des Naturalistes. Tome LVIII, No.2. 8° Mos- 
cou, 1883. 
Tae Society. 
NEWCASTLE-UPON-TYNE.— Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXII, pt. 3. 8° Newcastle-upon-Tyne, 
1884. 
THE InstTrI10TE. 
Paris.—Bulletin de la Société Géologique de France. 3° Série, Tome IX, No. 7, and XII, 
Nos 3—4. 8° Paris, 1884. 
THe Socrery. 
‘5 Mémoires de Ja Société Géologique de France. 3™° Série, Tome III, No. .1. 
4° Paris, 1884. 
THe Society. 
PenzaxcE.—Transactions of the Royal Geological Society of Cornwall. Vol. X, pt.6. 8° 
Penzance, 1884, 
THE SOCIETY, 
PHILADELPHIA.—Journal of the Franklin Institute. 3rd Series, Vol. LXXXVII, Nos. 3—65. 
8° Philadelphia, 1884, 
THE InstTiTvTE. 


- Proceedings of the Academy of Natural Sciences. Part III, 1883. 8° 
Philadelphia, 1884. 
THE ACADEMY. 
“4 Proceedings of the American Philosophical Society. Vol. XX, No. 113. 
8° Philadelphia, 1883. 


Tux Society. 
Pisa. —Atti della Societé Toscana di Scienze Naturali. Memorie. Vol. VI, fasc.1. 8° Pisa, 
1884. 
Tue Society. 
Atti della Societé Toscana di Scienze Naturali. Processi Verbali. Vol. IV, pp, 
29—70. 8° Pisa, 1884. 


Tue Socrery. 


Sac RAMENTO.~-California State Mining Bureau. Third Annual Report of the State Miner. 
alogist for the year ending lst June 1883. 8° Sacramento, 1883. 
State MINERALOGIST. 
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Tttles of Books. Donors. 
St. Psterspure.—Bulletins du Comité Géologique. Tome II, Nos. 7—9, and ITI, No. 1. 
8° St. Pétersbourg, 1884. 
THE CoMMITTER. 
SaLEM.—Proceedings of the American Association for the Advancement of Science. Vol. 
XXXII. 8° Salem, 1883. 
THE ASSOCIATION. 
San Franoisco.—Bulletin of the California Academy of Sciences. No.I. 8° San Fran- 
cisco, 1884, 
Tor AcaDEMY. 
SHanaHalI.—Journal of the North China Branch of the Royal Asiatic Society. New Series, 
No. 6 (1868). 8° Shanghai, 1869. 
Tue Socrgry. 


SineaPorE.—Journal of the Straits Branch of the Royal Asiatic Society. No.12. 8° Singa- 
ore, 1884. 
P THE Society. 
Sypnzry.—Journal and Proceedings of the Royal Society of New South Wales. Vol. XVI. 
8° Sydney, 1883. 
Tux Society , 
Torino.—Atti della R. Accademia delle Scienze di Torino. Vol. XIX, disp.2—3. 8° Torino, 
1884. 
THE AcaDpRemMyY. 
ViEnwa.— Denkschriften der Kaiserlichen Akademie der Wissenschaften. Band XLV to 
XLVI. 4° Wien, 1882-1883. 
THE AcaDEMY. 
9 Sitzungsberichte der Kais. Akademie der Wissenschaften. Band LXXXVI, 
Abth. I, heft 1—5, Abth. II, heft 2—5, Abth. ITI, heft 3—5; Band 
LXXXVII, Abth. I, heft 1—5, Abth. II, heft 1—5, Abth. ITI, heft 1—8. 
8° Wien, 1882-] 883. 
THE AcaDEMY. 
- Jahrbuch der k. k. Geologischen Reichsanstalt, Band XXXIV, Nos. 1—2. 8° 
Wien, 1884, 
Tur Instrrute. 
ps Verhandlungen der k. k. Geologischen Reichsanstalt. Nos. 4—8. 8° Wien, 1884. 
Tae Instirvre. 


Wasxinetox.—Annual report of the Board of Regents of the Smithsonian Institution for 


1881. 8° Washington, 1883. 
: Tus InstrrvurTe. 


- Bulletin of the Philosophical Society of Washington. Vols. IV-V. 
8° Washington, 1881-1883. 
Tax Socrery. 
is Bulletin of the United States Geological Survey. No. 1. 8° Washing- 
ton, 1883. 


Unirren Srares Grotoeicat Survey. 


a Monographs of the United States Geological Survey. Vol. II. With folio 
atlas. 4° Washington, 1852, 
Unirep Strares Grotoeica, Survey. 
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Tities of Books. Donors. 


WasHINGTON.—PowELL, J. W.—Second Annual Report of the United States Geological Sur- 
vey, to the Secretary of the Interior, 1880-81. 8° Washington, 1882. 
Unttep StatEs GroLogicaL SURVEY. 


2 Harpen, F. V.—Twelfth Annual Report of the United States Geological 
and Geographical Survey of the Territories. Parts I—II. 8° Wash- 
ington, 1883. 
UnitEep States GEOLOGICAL SURVEY. 
WELLINGToNn.—Colonial Museum and Geological Survey of New Zealand. Reports of Geo- 
logical Explorations during 1882. 8° Wellington, 1883. 
GEoLogIcaL SuRVEY oF New ZEALAND. 


‘ Eighteenth Annual Report on the Colcnial Museum and Laboratory : to- 
gether with the 14th Annual Report on the Colonial Botanic Garden. 

1882-83. 8° Wellington, 1883. 
GroLoeicaL SuRVEY oF New ZEaLanp. 


York.—Annual Report of the Council of the Yorkshire Philosophical Society for 1883. 
8° York, 1884. 
THE SocixEry. 


July 9th, 1884. 
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Note on the Geology of part of the Gangasulan Pargana of British Garhwal, by 
R. D. O_pxam, A.R.S.M., &e., Geoloyical Survey of India. (With a map.) 


1. The country to be described in this note is comprised within a strip about 
5 miles broad, stretching eastwards from Rikhikhes and southwards to the foot 
of the Chandi hills, hes entirely to the east of the River Ganges, and presents 
more points of geological interest than any other Himalayan tract of equal magni- 
tude with which I am acquainted. 

2. The oldest rocks seen I have comprehensively coloured on the map as ‘ Pre- 
Mandhali.’ With the exception of some beds of limestone 
exposed to the north of Latchman Jhula in the bed of the 
Ganges they are, to the east of the strip of Mandhulis and Sirmurs, grey schis- 
tose slates with occasional beds of quartzites, and to the west as far as the recent 
deposits of the Ganges black slates with quartzites and occasional calcareous beds, 
presenting no features of geological interest apart from the marked and sudden 
manner in which their strike bends roand with the irregularities of the boundary 
of hill and plain, being northwards between the parallel of Rikhikhes and the 
Bheng Nadi, but bending sharply round to east and westwards immediately to the 
north and south of those limits; the courses of the Bedasni and Tal nadis marking 
the strike of the rocks they run through, while their junction is at the point 
where the one strike bends round to the other. 

3. The Mandhali beds, under the name of Tal limestone, have long been 
known and have acquired a celebrity as the only case 
known of fossils being found in the pretertiary beds of the 
lower Himalayas ; the section in the Bedasni has been already described in detail,} 
and the only addition I have to make is that an examination of the same beds in 
their extension along the Syair ridge shows that they lie in a synclinal and not 
anticlinal fold. Along the ridge they broaden out and form its high and rocky 


Older series. 


Mandhbdéli series. 


1 Rec. G.S.1, XIV, 100. 
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crest, and here limestone conglomerates of the regular Mandhali type are seen 
associated with the fossiliferous beds. Near (a short way to the south of) the village 
of Syair the eocene beds come in to the east, the junction with the Mandhilis 
being one of original contact as is marked by the occurrence of the characteristic 
bottom bed of the Subathu series; from here the Subathu-Mandhdli boundary 
runs to the north, keeping on the east of the ridge till a gap just‘north of Karanwas 
village, whence the ridge changes its character and a broad rolling summit 
replaces the rocky crest to the south, and here, in the gap, the ferruginous bottom 
bed of the Sirmurs can be seen lapping round the eroded 
edges of the Mandhdli limestone. This isa point of great 
interest and importance in proving that the MandhAli series is of pretertiary age, 
as was inferred by me on other and more general grounds. The boundary runs 
down about a furlong and a half from the crest of the ridge, but once more mounts 
on to it to the north of Bhuwan and runs away north-eastwards towards Toli. 
Along this part of the boundary the bottom bed is not so well seen, but as 
there are distinct traces of 1t in places, we may consider this also as a natural 
boundary. The great mass of the hill above Marhal is Mandhali limestone, some 
of the beds fossiliferous, others conglomeratic, but many of them structureless 
limestone with which, as further to the south, slates and quartzites are inter- 
bedded. 

4. To the south of the Bheng river these beds are seen on the crest of the 
Banas ridge extending close to, if not actually up to, the 
outcrop of Sirmurs, but they are not seen at its eastern 
extremity. Near the western boundary of the exposure 
there is a peculiar ferruginous breccia which seems to belong to this series, though 
for want of good exposures it is impossible to say whether it may not be of super- 
ficial origin. 

5. It would have been of great interest and importance as giving us a definite 
horizon in the Himalayan rocks, had any recognizable fossil 
been found in these beds ; but I regret to have to say that 
a diligent search has met with no such reward. The shells, though all recog- 
nizable as such and well preserved, have been comminuted so as to form a sort of 
shell grit among which no pieces large enough to afford more than a very vague 
generic identification could be seen. The bed is evidently of littoral origin and 
this comminuted state of the shells, if preventing an accurate comparison of the 
horizon of the bed with European standards, was at any rate useful in readily 
discriminating it from the somewhat similar limestone beds of the Subathu 
series in which the shells were all entire or only slightly broken. 

6. The next series seen, in ascending order, was the Subathu. Of this the 

eee exposure near Bhuwan has been described as regards its 

Biewun sateaes character! Its western boundary has already been refer- 

; red to in connection with the Mandhéli series, while the 
eastern is a fault; along this boundary the bottom rock is not seen and the beds 
immediately in contact with the grey schistose slates are somewhat high up in 
the series. 
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7. To the south of the Tal nadi there is another exposure of these beds. Of 
this I have only seen the eastern and western extremities, 
but there is no doubt that it extends continuously between 
the two, as within these limits all the lateral feeders of the 
Tal which flow from the south contain débris recognizable as derived from the 
Subathu series. At the eastern extremity only was the bottom bed seen, so that 
this strip may be faulted in. 

8. The most northerly exposure of the sub-Himalayan beds is that opposite 
Rikhikhes, which has been mentioned as of Nahan age—! 
an opinion from which I find myself obliged to dissent. The 
exposure, whose boundaries are completely obscured by 
recent river gravels, consists of soft grey sandstones and sandy clays with a north 
by west strike and vertical dip, which, from their resemblance to the middle 
Sivalik beds and the entire absence in a section of some considerable thickness of 
any trace of the very characteristic red clays of the Nahan beds, I would refer to 
the former rather than the latter period. This is, however, a matter of opinion, 
and no definite proof can be adduced of one or the other conclusion. 

9. The supposition advanced is, moreover, supported by the fact that the next 
exposure to the south, that in the Bheng nadi, contains 
very characteristic red clays undistinguishable from those 
of Nahan age in the Nahan hills. Between these two exposures the older Hima- 
layan slates everywhere come into contact with the recent gravels, while imme- 
diately north of the Bheng a spur of the older rocks juts outa full quarter of 
a mile to the west of the outcrop of tertiary clays, showing that their boundary 
must here take a sudden bend westwards. 

10. South of the Bheng the tertiary sandstones come into contact with the 
sub-recent gravels of the Ganges and continue up the 
Banas ridge to the gap between the two trigonometrical 
points marked on the l-inch map. Between this point and the exposure in the 
Bheng I was unable to trace the boundary of the tertiaries. It would have been 
important to determine how the main boundary coming up from the south-east 
bends round to take in the Bheng exposure, but in the absence of definite observa- 
tions I have been compelled to draw it on the map in the manner which seems 
best to fit in with observations elsewhere ; it is, however, only conjectural, and must 
be taken for what it is worth. From the Bheng exposure southwards the section 
is on the whole an ascending one, the dip at the western extremity of the Banas 
ridge being to east-south-east, while the beds are soft yellowish-grey sandstones 
and sandy clays without a trace of red clay. 

11. South of Jamnia bagh I saw no exposures till the Ghaziram Sot was 
entered ; here soft sandstones with concretionary nodules 
of harder rock, and, higher up, conglomerates dip at first 
eastwards and westwards at low angles, settling down near the head of the stream 
to a steady northerly dip at about 30°. It is a noteworthy fact that both the 
sandstones and conglomerates contain numerous pebbles of soft tertiary sand- 
stone. ; 
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12. In the Mithi Sot, just where the old road from the Jabbar Gadh to Lal- 
dang crosses it, there is an exposure of soft pebbly sand- 
stone, some of the pebbles being of sub-himalayan sand- 
stone, with a vertical dip, striking to north by west. At the base of the exposure 
and lying east of the sandstones is a low bank of dark-red clay, possibly of Nahan 
age-—a possibility which is rendered probable by the fact that the next exposure 
up stream is of compact sandstone breaking off along defined joint planes, inter- 
bedded with red nodular clays of the Nahan type having the same north by west 
strike. The continuation of this line of strike leads to a point on the Banas ridge, 
where I noticed a marked change in the nature of the débris lying on the surface 
of the ground, all the fragments to the west being thoroughly rounded by 
weathering, while those to the east generally retained some traces of the joint planes 
along which they had broken off and were not uncommonly sub-angular. Continued 
still further northwards, it would form the eastern boundary of the Bheng outcrop. 
These facts would seem to point to the existence of a line of fault, a consideration 
to which I shall subsequently return, but, whether a fault or no, itis the boundary 
between the Nahan beds to the east and the middle and upper Sivaliks to the 
west. In this same stream there are many boulders of a peculiar rock, a fine- 
grained micaceous sandstone undistinguishable from the Nahan sandstones but 
for the fact that scattered through it are sub-angular fragments of crystalline 
quartzite mostly 9” to 1’ in diameter, none that I saw being larger and few much 
smaller. I did not see this rock in situ, but as the boulders of it increase in 
number up stream, and as they were seen above (to the east of) the line of junc- 
tion, they must have been derived from the Nahan beds, notwithstanding the 
fact that nowhere else is so much as a pebble known from beds of undoubted 
Nahan age. 

13. On the eastern flank of the Chandi Hills, at about half a mile from 
Diowali, and just where the road from the north crosses 
the Khara Sot for the fourth and last time, an import- 
ant section is to be seen. Here there is a long cliff of upper Sivalik sand-rock, 
earthy clay and shingle ; to the south, soft grey pebbly sandstones come in with a 
dip of 30° to east by south, the actual contact not being seen. No pebbles of sand- 
stone were found in the latter, but numerous red-clay galls, some evidently derived 
from clays of older date as they were laminated, the lamine not agreeing in direc- 
tion with those of the sandstone. This fact, together with their softness and the 
absence of beds of red clay, seems to stamp them as of middle Sivalik rather than 
Nahan age. The exposure terminates to the south by the slope of the hill-side 
passing off into the level ground, but before, altogether 
disappearing, the hill sends out a small spur northwards 
into the stream; it is a small knot 10 feet long, 9 feet broad, and 6 feet high, on 
the up-stream side of which a hollow has been excavated in the river-bed such as 
is invariably found above any obstruction to the force of the current. Here a 
triangular surface of the sandstone beds is seen on whose eroded edges upper 
Sivalik conglomerates, containing many pebbles of sub-Himalayan sandstone and 
clay, lie with a dip of 45° toeast by south. That this is nota more case of contem- 
porancous erosion is proved by the facts that while the dip of the conglomerates 
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is 45° that of the sandstones below is only 30°, and that the boundary of the 
sandstone beds is not smooth and uniform, but irregular, the hard beds stand- 
ing out with a sub-angular section proving that they must have been in- 
durated, disturbed, and eroded previous to the deposition of the conglomerates 
above. 

14. To the south of a line ruzning west of this the Chandi Hills are mainly 
composed of middle Sivalik sandstones, but are frequently 
capped by thin patches of the upper conglomerates, let 
in by local faulting or flexure, which were not mapped in detail. There seems 
but little doubt that it was these upper beds which yielded the fossils discovered 
by Dr. Falconer! and more recently by Mr. Lichfield in 1883. 

15. I now come to the consideration of the question whether the meridional 
boundary described above (para. 12) as existing between 
the Nahans and upper Sivaliks is to be considered as 
mainly due to faulting, or whether it approaimately marks out the area over 
which the Nahans were removed by denudation previous to the deposition of 
the upper beds. That there was an extensive denudation of the Nahans pre- 
vious to and during the deposition of the upper Sivaliks is sufficiently proved by 
the number of pebbles of the former to be found in tho latter, but this may have 
been general and not largely greater near the Ganges than elsewhere, while 
there is no such direct proof that they were being eroded during the deposition 
of the middle Sivalik sandstones which are in contact with them on the Banas 
ridge. I saw no pebbles of sandstone in the middle Sivaliks, and if present they 
must be rare, but as the only pebbles to be seen are small, well rounded, and of 
hard quartzite, this negative evidence goes for very little. On the other hand, 
the straightness of the boundary, the contrast of the beds in contact, and the 
vertical dip, all go to prove that, even if the boundary is approximately one of 
original deposition, it must have been considerably modified by faulting or its 
practical equivalent. 

16. In this connection the small exposure of Sub-Himalayan beds in the 
Bheng is of principal importance; their position (apart 
from a possible though hardly probable fault in the 
Bheng valley) is at the base of a section ascending to the southwards, the upper 
beds being of middle Sivalik age which the Bheng beds, if Nahan, as their 
character almost necessitates, must unconformably underlie. In this case there 
is a small patch of Nahans cut off entirely from the main mass to the south-east ; 
and if we suppose that the boundary between the Nahans and the newer beds 
marks even approximately the area over which the former were removed 
previous to the deposition of the latter, we must account for the fact that the 
Bheng exposure has been brought up to the surface by faults, which both to the 
north and east have their downthrow on the side nearest to it; consequently if 
the Bheng outcrop is of Nahan age, the rocks to the east of the meridional 
fault must have been elevated and the newer beds removed by denudation, and 
the Nahans must originally have extended to the north of their present boundary, 
which must in that case be mainly due to faulting. 


1Journ. A. 8. B., VI, 233. 


Chandi Hills. 


Nature of boundary. 


Probably a fault. 


166 Records of the Geologreal Survey of India. [VoL, Xvi. 


17. A similar issue to the last is raised by the contrast between the beds 
exposed at Raiwala on the west bank of the Ganges 
and those seen opposite them to the east. At Raiwala 
an exposure has been described' of upper Sivalik clays and conglomerates lying 
in an anticlinal flexure whose steeper side faces north, while to the east of the 
Ganges we find opposite these beds and on the same line of strike low middle 
Sivalik sandstones forming part of a large synclinal. Leaving the question of 
flexure on one side, for that at Raiwala is insignificant in size and might well lie 
on the flank ofa much larger one, there is the difference in the horizons of the 
beds, those at Raiwala being high up in the upper Sivaliks, while opposite them 
are low middle Sivaliks if not Nahan beds—presumptive evidence of a great 
fault running in the bed of the Ganges with an upthrow to the east. This might, 
however, be explained away by the unconformity which, as I have shown above 
(para. 13), does exist in this region between the middle and upper Sivaliks ; but, 
on the other hand, the continuation of this presumed fault would lead into the 
proved fault m the Hardwar gorge, and though this latter has a downthrow to 
the east, the great Bhimgoda fault, with a throw of some 15,000 feet, which almost, 
if not entirely, dies out against the former, would sufficiently account for any 
reversal of the fault to the northwards. 

18. In this connection I may review the facts which show that these faults 
can nowhere be considered as simple dislocations, on one 
side of which the beds have been elevated, and on the 
other depressed, but that they are contemporaneous with, 
and have been formed part passu with, the disturbance of the beds they intersect. 
In the Hardwar gorge, as has long been known,®* a northerly dip of the beds to the 
east is confronted by a southerly dip to the west, and if, as seems probable, the 
lowest beds on the Chandi section are lower in the series than the beds opposite 
them on the Hardwar side, the fault must have an upthrow to the east here- 
abouts, while further north opposite Bhimgoda the upthrow is certainly to the 
west. In this case there must be some point in the Hardwar gorge where the 
throw is ntl. Even if this supposition is incorrect, the throw of the fault must 
increase rapidly towards the north, and in either case we cannot consider the fault 
as of later date than the flexure of the beds, but must look upon it as a line of 
fracture, on one side of which the beds were from the first bent in one direction 
and on the opposite in the other. 

19. Turning now to the Bhimgoda fault, which, as I have said, does not seem 

: to cross the G sat all, and if 1t does so only in a ve 

Pauieone ener modified pial can hardly suppose it to ine been of 
altogether posterior date to the formation of the Sivalik antichinal, for the beds at 
the top of the section north of the fault are the very newest that we can call 
Sivalik with certainty, and had they ever been elevated and exposed to denu- 
dation must have been from their softness largely removed; it consequently 
becomes probable that in this case too the formation of the fault was gradual 
and progressed pari passu with the flexure of the beds it affects, rather than 
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that these beds were thrown into an unticlinal and the northern half then 
depressed. 

20. This great downthrow of the Bhimgoda fault more than neutralizes the 

upthrow of the Hardwear fault, and consequently we find 
Mclain Daca of the beds facing those immediately north of the Bhimgoda 

fault seem to be lower in the series, arguing a northerly 
extension of the Hardwar fault, but with a downithrow to the west. Northwards the 
more rapid dip of the eastern beds soon extinguishes this throw until, near the 
Zabhar Gadh, the sudden replacement of the upper Sivaliks by middle Sivaliks 
seems to argue a fault coming from the east in some respects the analogue of 
the Bhimgoda fault. Be this so or not, to the north of this point at Raiwala 
the fault must have an upthrow to the east of some thousands of feet. That 
this complicated system of faulting is of altogether posterior date to the disturb- 
ance of the beds is impossible, and the only conclusion we can draw is that these 
faults must have been gradually formed contemporaneously with the disturbance, 
and to some extent the deposition of the beds they affect. 

21. To this fault in its extended sense I propose to give the name of the 
Ganges fault. From the mouth of the Hardwar gorge I 
have traced it as far as Raiwala, but to the north of this 
there are still indications of its existence. To itis possibly due the elevation of 
the pretertiary beds which has cut out the sub-Himalayan series from the Bheng 
northwards to Rekhikhes, and it may even extend further north into the older 
rocks of the lower Himalayas; but this cannot be decided except by further examin- 
ation. 

22. The post-pleiocene river gravels are largely developed along the western 
boundary of the area under description, but as they differ 
in no respect from those of the Dehra Din, which I hope 
shortly to describe at length, it will be unnecessary to refer to them here 
further than to mention that they cover much of the ground which I have 
coloured as some older formation on the accompanying map. 

23. Near Jamnia bagh, about quarter of a mile to the north of the camping 
ground, a small warm spring issues with a temperature of 
73° F. on the side of a channel which has been dug to 
carry off the waste water from a water-mill. The water of the spring is pure and 
sweet, so that its temperature cannot be due to chemical action, and it is import- 
ant to notice that it issues close to the line which I have indicated (para. 20) as 
probably a line of fault. I was informed by the natives that another warm 
spring had been struck near Gouree ghat a few years ago when making an irri- 
gation cut. This latter seems to have been a failure, as a dry channel was pointed 
out to me whose bank had certainly been cut into at one place, but there was no 
warm spring. My informant reconciled this with his statement by explaining 
that the hole had been filled up since, On the whole the existence of this warm 
spring is doubtful, but itis noteworthy that the locality pointed out to me lies on 
the northerly extension of the Ganges fault. 
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On fragments of slates and schists tmbedded in the gueissose granite und pramite u7 
the N.-W. Himalayas, by Cotonen C. A. McManon, F.G.S. (With a plate.) 


In my paper on the Simla Himalayas (Records, X, p. 221) I recorded the 
following note regarding the eruptive granite of the upper Sutiej section 
“‘ Between Rarang and Jangi I found numerous block» of mica schist caught up 
by and buried in the granite. They are of all shapes, and vary in diameter from 
2 inches to 2 feet. These blocks are identical in appearance and composition 
with the mica schists through which the granite passes, and cannot, I apprehend. 
be due to segregative action.” 

Similar inclusions are to be observed in the gneissose granite at Dalhousie 
and its neighbourhood. In my paper on the Geology of Dalhousie,' I recorded 
the following note respecting them: ‘‘ For some time I regarded these objects 
as concretionary in origin, but the conclusion was ultimately forced on me that 
they are true fragments of the adjoining schists, caught up by the granite in its 
passage through them. They are more numerous close to the schists than away 
from them; they closely resemble the schists in colour and material; and, in 
the Chiari section, where the porphyritic granite has been squeezed into and 
between the schistose beds, fragments of schists may be seen caught in the act, 
so to speak, of being broken off. 

‘‘Some of the included pieces—even those seen a long way from the junction 
of the granite and the schists—seemed to me of undoubted fragmentary origin. 
One, for instance, which I noticed in the Chiari section, was a long splinter 2 feet 
4,inches long, and 54 inches wide at the thickest end. In its splintery ends it 
seemed to give clear evidence of having been torn from its parent rock. It stood 
out sharply from the granite, and it was fractured transversely in several places, 
the cracks not penetrating into the granite.” 

As might be expected. on the supposition that the inclusions alluded to are 
really fragments of other rocks 1mbedded in an eruptive granite, the Jangi and 
Dalhousie specimens do not resemble each other at all; but, on the contrary, in 
most cases, are very like members of the local sedimentary strata through which 
the granite has penetrated. 

I have now examined under the microscope thin slices of the Jangi inclu- 
sions, and of the mica schists at Jangi through which the granite has been 
erupted, and I have also examined specimens of the Dalhousie inclusions, and 
have compared them with the granite itself, and with the silurian beds found in 
the neighbourhood. The results are given in the following pages. 

I shall, as usual, describe each slice in some detail, and then summarise the 
results under the head of ‘‘ General Remarks ” at the end. 

No. 1.—Mica schist between Rogi and Pangi. A dense rock containing 
numerous small garnets. 

No. 2.—A fine-grained dense mica schist. P&ngi (Bass&hir). 

M.—In No. 1 the mica is of rich Vandyke brown colour in transmitted light. 
The ground mass consists of quartz with a few crystals of felspar. Garnets are 
numerous. Parallelism of structure is not apparent in the arrangement of the mica. 
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In No. 2 the mica appears to be in part biotite and in part muscovite; the 
basal cleavage is well marked in both. The mica is oriented in all directions, but 
a general conformity to a parallelism of arrangement can be made out, and 
extinction is simultaneous in the great majority of leaves. Garncts are present. 
In the ground mass felspar predominates over the quartz. The former is in part 
microcline, and in part plagioclase 

In neither of the specimens did I detect a single liquid cavity with a bubble 
in it. 

Nos. 3 and 4.—Mica schist included in granitc between Rarang and Jangi. 

M.—Numerous flakes of mica, the axial sections of which are a rich Vandyko 
brown in transmitted light, are disseminated through a quartz ground mass. 

One or two crystals of muscovite are also present. The quartz contains 
numerous rounded microlites of mica. 

I failed to detect a single liquid cavity with a bubble in this slice, though 
I used powers up to 400 linear. 

These inclusions have evidently been subjected to great heat, but the entire 
absence of felspar, and of the liquid cavities with movable bubbles so charac- 
teristic of the quartz of granite, marks them off from that rock. Morcover, 
the character of the mica is suggestive of a schist rather than of a granite. It 
is in flakes, and the majority of the leaves lie in the same plane. 

No. 5.—Granite between Rarang and J&éngi with contained inclusion. With 
the aid of a pocket lens this inclusion is seen to consist of the constituents ot 
granite in an extremely fine-grained condition. The line of demarcation be- 
tween the inclusion and the granite is sharp and well defined. 

M.—The examination of this specimen under the microscope confirms the 
result of the examination with the aid of the pocket lens. The slice contains .a 
portion of the granite and also a portion of the inclusion. The latter contains 
both orthoclase and plagioclase, as well as quartz. In structuro and in every 
particular it is a granite. The microlites seen in the slice contain shrinkage 
vacuoles and cracks. Flat liquid cavities with fixed bubbles are extremely 
abundant, whilst those with movable bubbles are not altogethcr wanting. 


Dalhousie. 


No. 6.—Inclusion in gneissose granite—Upper Mall, Bakrota. <A dark, fine- 
grained mixture of quartz and mica, with irregular-shaped pieces of felspar here 
and there. 

M.—The slice is composed of quartz, dark mica. muscovite, crypto-crystalline 
mica, garnets, magnetite or ilmenite, and ferrite. 

The quartz contains gas pores and liquid cavities with movable bubbles. 
Microlites containing shrinkage vacuoles and liquid cavities, with movable or fixed 
bubbles, are numerous. One micro-prism contains liquid cavities. 

The whole aspect of this slice under the microscope is that of the granite 
which contains the inclusion. 

No. 7.—Inclusion in gneissose granite—U pper Mall, Bakrota. 

M.—This slice shows the junction of the granite and the inclusion. The 
latter looks like an intensely altered slate, and, under the microscope its aspect 
is very different from the last specimen. 
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The inclusion is composed of quartz and biotite with some maguetite, or 
ilmenite, and a little crypto-crystalline mica in patches. 

A small piece of felspar is entangled in crypto-crystalline mica, bat it exhibits 
no crystalline contour. There area few microscopic garnets. The quartz contains 
some liquid cavities with movable bubbles, and some ef the microlites contain 
vacuoles. The rock has the appearance of being an intensely altered slaty rock. 

No. 8.—Inclusion in gneissose granite—Upper Mall, Bakrota, 

M.—This slice consists of a ground-mass of quartz in micro-grains, in which 
are scattered a dark mica (biotite?) in leaves, and in well-laminated orystals, 
small leaves and microlites of muscovite, patches of crypto-crystalline mica, gar- 
nets, and magnetite or ilmenite, 

The quartz encloses liquid cavities with movable bubbles, and microlites 
which contain elongated vacuoles and cavities in which mineral matter has been 
deposited. 

There is no trace of felspar. 


Between Dalhousie and Chil. 


No. 9.—Inclusion in gneissose granite. The hand specimen and the thin slice 
show the junction of the included dark slaty rock and the granite. 

M.—The granitic portion of the slice contains orthoclase, microcline, plagio- 
clase, muscovite in large leaves and in microlites, and well-laminated biotite. 
There are numerous intergrowths of biotite and muscovite, and crystals of the 
former enclose garnets. 

Grains of ilmenite or magnetite are common to the granite and the slaty 
enclosure. The latter consists of granular quartz, a green mica, and numerous 
patches of micro-crystalline mica, which passes here and there into small leaves 
of muscovite. A few small garnets are present, but no felspar. 

The quartz of the granite contains movable bubbles, but I have not detected 
any in the slaty inclusion. 


Upper road near top of Bakrota, Dathousie. 

No. 10.—Inclusion in gneissose granite. To the unaided eye this looks like a 
compact rock: with a pocket lens it is seen to be sub-crystalline. It exactly 
resembles some rocks of the silurian series. 

M.—This slice consists of an intimate mixture of very fine-grained quartz and 
mica, The quartz has evidently recrystallised under the influence of heat, as its 
minute grains exhibit a tendency to assume hexagonal outlines. The mica is of 
two kinds,—a green mica, and what is apparently muscovite. The former is by 
far the more abundant, stray leaves of muscovite only appearmg here and’ there. 
There is one good-sized leaf of green mica, but the rest is m micro-flakes. 

A little hematite and magnetite are present, There are numerous microlites, 
but all of them are apparently of mica. 

T have not detected any liquid cavities in the quartz. 

The microscopic examination of this slice leads to the conclusion that itis.a 
fragment of slate that has been exposed to considerable heat. 

No. 11.—Inclusion in gneissose granite. This specimen is eo like.No. 10 ‘that 
a separate description is unnecessary. Both specimens under the microscope 
closely resemble some of the slaty rocks immediately adjeining the gueigaoge 
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granite at Dalhousie. The only difference is that in these specimens the heating 
has gone sufficiently far to almost obliterate the lamination. The materials are 
not arranged in well-defined lines, but still one has no difficulty in making out 
which way the grain goes. 

The muscovite is not in clear leaves, as in granite, but fibres of the green 
mica are abundantly entangled in it. 

Nos. 12-15.—A fine-grained schist included in gneissose granite. Upper 
Road, near top of Bakrota. In 13, 14, and 15 the hand specimens, and also the 
thin slice, show the junction of the granite and the schist. 

M.—The granite is of the usual type, already described in previous papers 
under the name of gneissose granite. 

The ground mass of the schist is composed of quartz in fine grains. There is 
no felspar. The mica varies in different slices in transmitted light, from yellow- 
green and brown-green, to brown. It is in large and small flakes, some of them 
being very minute and also in well-laminated crystals. Muscovite, crypto-crys- 
talline mica, and schorl, are also present. There are round dots of opacite and a 
little magnetite. 

The granite and the included schist contrast strongly with cach other in the 
matter of liquid cavities with movable bubbles. The quartz and the schor! of 
the granite contain liquid cavities with large movable bubbles: the areas covered 
by the latter are about one-fourth of the areas of the cavities that contain them. 
In the schist, on the other hand, I have failed to detect any liquid cavities in 
any of the slices. 

General Remarks. 


The microscopic examination of the specimens described in this paper leads to 
the conclusion that, in some cases, what appear to be fragments of other rocks 
contained in granite are either inclusions that have been so intensely metamor- 
phosed, and thoroughly: permeated with the mineral constituents of the granite, 
that they have become granitic in structure and composition; or that portions 
of the granite itself have locally condensed into fine-grained concretionary lumps 
resembling true inclusions in appearance. Slices Nos. 5 and 6 are instances of 
such cases. 

On the other hand, the microscope confirms the verdict arrived at by the un- 
aided eye in respect of the majority of cases, and shows that what appear to be in- 
clusions are really fragments of foreign rocks caught up and inclosed in the granite. 

Three classes of true inclusions have been examined,—namely, ordinary mica 
schists, slaty rocks, and fine-grained sikicious schists. 

The inclusions found in the eruptive granite of the Sutlej valley present 
under the microscope the strongest likeness to the bedded mica schists through 
which the granite has burst. 

In the case of the slaty inclusions in the Dalhousie gneissose granite, the 
inclusions have the closest resemblance to some local silurian fine-grained sili- 
cious rocks, and are not unlike some of the beds that occur in the stratified rocks 
close to the margin of the granite. They are a little more metamorphosed than 
the latter, but that is all. The sharp lines of lamination have been obliterated, but 
the direction of the grain can still be made out, under the microscope, without 
doubt or hesitation. 
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In the case of the schists, the fine foliation is still unmistakably visible to the 
naked eye. 

ne important fact about all the Dalhousie and Sutlej inclusions, except slices 
Nos. 5 and 6, 1s that the changes which have been set up in them by contact 
metamorphism have not led to the formation of felspar. 

In nearly all my hand specimens and thin slices the jection of the granite 
and the inclusion is shown. The granite maintains its characteristics up to the 
junction, and then there 1s a sharp transition to the slate, or to the schist, as the 
case may be. In the slaty and the schistose portions of the slices felspar is absent. 

Auother important distinction is that though the quartz and the schorl of 
the granite abound in liquid cavities with movable bubbles up to the line of 
junction, these liquid lacunz are absent in all the inclusions examined, except 
Nos. 7 and 8, No. 7 being a highly-altered rock. 

These differences seem to me to be essential ones, and to be opposed to the 
acceptance of the segregation hypothesis as an explanation of these dark patches 
in the granite. 

In some respects the inclusions have yielded to the metamorphosing influence 
of the granite, and to this influence I attribute the presence of muscovite, crypto- 
crystalline mica, and schorl. 

A precisely similar metamorphosing influence was exercised by the granite on 
the adjoining stratified beds at Dalhousie; and in my paper on the miscroscopic 
structure of the latter (Records, XVI, p. 141), I expressed the conviction 

that “the crypto-crystalline mica seen in contact with the granitoid rock is due 
to the injection of matter from the granitic rock into the schists in a gaseous or 
liquid condition.” I also noted that, “though the gneissose granite is rich in 
felspar, only one small crystal of this mineral was found in the numerous slices 
of rocks in contact with the gneissose granite examined under the microscope.” 

This complete correspondence between the slaty and schistose stratified rocks in 
contact with the gneissose granite, and the inclusions in the main body of the 
granite itself, is a strong point, I think, in the chain of evidence which leads to 
the conclusion that most of the sharply-outlined dark patches which occur in the 
Dalhousie gneissose granite are really fragments of stratified rocks caught up 
and imbedded in it, and that the dark patches are not concretionary nodules due 
to the freaks of segregative action. 

Recently I have come across an inclusion at Dalhousie which, I think, sets the 
question completely at rest. I found it in the gneissose granite near the top of 
Bakrota, about half a mile from the horizon of the stratified silurian rocks. 

One of my specimens has been very successfully photographed (about natural 
size) and reproduced as a print by the heliogravure process by Major Water- 
house in the office of the Surveyor-General to the Government of India, and 
forms the plate attached to this paper. Nothing could be more perfect than the 
proof print now before me; it reproduces the exact appearance, and almost the 
very colour, of a piece of the Dalhousie gneissose granite. 

The inclusion represented in the plate is a section broken off from a long 
splinter of rock, shaped like a tent-peg, included in the granite. It is about two 
feet long, but I did not extract the whole of it, and cannot, consequently, say 
exactly how deep it penetrates into the granite. The sections, chipped off one 
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after the other for me by a native stone-mason, varied somewhat in size, but the 
three principal sides of one of these sections measured 23 x 24 x 24 inches. 

The splinter of schist must have been rendered partially plastic by heat, for 
the fragments show that when it was entire it was somowhat crooked in the 
direction of its length, and the lines of foliation (sec plate) are considerably 
bent. Thin sections of the specimen depicted in the plato are described undor 
Nos. 12-15. 

The rock is a very fine-grained schist. An examination of the plate will show 
how fine are the lines of foliation. 

I do not think that any one, whose opinion is worth having, could examine the 
specimen itself, or even the plate attached to this paper, and believe that this finely 
foliated schist has originated in the granite itself by a process of segregation, 

Had the specimen been ground down to a uniformly flat surface, the contrast 
between the granite and the contained fragment of schist would probably have 
been even greater than it is in the plate; for whilst much of the dark marking 
of the granite is due to superficial discoloration, the broad lincs secn in the 
schist, on the other hand, are lines of foliation. These thin and thick lines of 
foliation run right through the splinter lengthways from top to bottom. The 
gneissose granite is perfectly granitic up to the very edge of the splinter, and in 
fracture and structure there is no resemblance between the former and the 
schistose inclusion. Moreover, as before remarked, whilst the gneissose granite is 
a highly felspathic rock, not a particle of felspar is present in the schist, 

I cannot myself for a moment believe that segregation could produce a 
highly silicious, finely foliated schist out of a highly felspathic granite, in which 
porphyritic crystals are to be seen meandering about in all directions up to the 
very edge of the schist. If regard be also had to the long splinter-like shape of 
the schist, the improbability of such a result being produced by segregation is 
increased. One might as well believe, it seems to me, that a fossil ammonite is a 
product of segregation. 

But perhaps some one who is disposed to assign a metamorphic origin for the 
gneissose granite, may affirm that the long splinter of schist is an undigested lamp 
of the original rock from which the gneissose granite itself was formed. Should 
any one be found to advocate this theory, I would ask where all the felspar in the 
gneissose granite came from? The gneissose granite at Dalhousie, it must be 
remembered, is a mass over six miles in thickness that extends in an easterly and 
south-easterly direction for some hundreds of miles without any diminution in 
thickness. 

No felspar is found in the fragments of slate and schist embedded in the 
granite; and as the theory under consideration requires us to believe that these 
fragments were subjected to all the conditions to which the granite was subjected, 
the advocates of this theory will have to explain how lumps of foliated schist, or 
laminated slates, which were subjected to the aqueo-igneous agencies that reduced 
the main mass into a highly felspathic porphyritic granite, escaped being melted 
down and incorporated in the granite along with the rest of the sedimentary beds 
that supplied the material for the formation of that rock. 

Is it to be believed that these lumps were subjected to all the influences that 


1 See map attached to the Manual of the Geology of India. 
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prevailed to produce the extreme metamorphism of the highly felspathic porphyri- 
tic granite, and yet that no felspar was formed in them ? 

The onus of explaining these difficulties rests on those who advance the 
theory under consideration, if there be ary such, and until these difficulties are 
explained I think it would be mere waste of time to discuss this supposititious 
theory further. 

Those who have worked, even a little, with the blowpipe, know how power- 
fully a moderate amount of felspar acts as a flux on quartz; and in view of this 
fact, it seems to me almost self-evident that the schist would have lost its fine 
parallel foliation, and would have been melted down and incorporated in the highly- 
felspathic granite, had not the latter lost much of its heat, and had it not 
advanced considerably towards final consolidation, before the fragment of schist 
fonnd its way into it. 

The past history of the inclusion cannot be the same as that of the granite. 
The only explanation that satisfies my mind, and harmonises all the facts, is that 
the felspathic gneissose granite is an intruder in the rocks where we now 
find it, and the unfelspathic schistose inclusions are fragments of the rocks 
through which the granite passed on its way to its present position, 

Mr. J. Arthur: Phillips, in his papers? on ‘‘ Concretionary Patches and Frag. 
ments of other rocks contained in Granite,’’ came to the concluston that the 
inclusions contained in granites are of two distinct kinds: “Those of the first 
class are the result of an abnormal arrangement of the minerals constituting the 
granite itself, whilst these belonging to the second represent fragments of other 
rocks enclosed within its mass.” 

In the case of slices Nos. 5 and 6 (ante) I was long in doubt whether these 
inclusions represent those of Mr. Phillips’ first or second class,—namely, whether 
they are nodules of segregation or are fragments of foreign rocks in & more 
advanced stage of metamorphism. But it seems to me, on further consideration, 
that they are more probably the latter than the former. 

If it be granted that granites contain fragments of foreign recks, it seems to 
me that we ought to expect to find these fragments in every stage of arrested 
fusion, Fragments caught up before the granite had lost very much of its heat 
would surely be on the verge of digestion; and if the process of assimilation were 
to be arrested before its completion, the fragment wonld, approximate closely 
in structure and composition to the gramite itself, 

This hypothesis, it seems to. me, accounts more naturally for most, if, not for 
all, doubtful cases, than the theory of segregation. 

Even the case put by Mr. Phillips, im his second paper, of large crystals of 
felspar growing out of the ma#rix into the inclusion, may, I think, be explained 
on the hypothesis above suggested. All who.have studied thin slices of rocks 
under the microscope mast be familiar with the fact that felspars and other 
crystals grow, as it wene, by successive additions: to a central core, the sneces 
sive zones of growth in sanidine, hornblende, angite, and. other minerals; being 
distinctly visible under the microscope. Dr. Sorby has shown, in the case of quartz, 
that the additions to a crystal, or fragment of a crystal, made at a comparatively 
late epoch in its histony,—as for instamoe, to grains of quartz in a sandstone,— 

» Quar, Journ. G. &, XKKV, p. 1; and XXEVIL, p. 216. 
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are often in optical contmuity with the portions upon which they form. Sup- 
posing then, a felspar crystal m the matrix were in contact with the edge of an 
inclusion, I do not see why, in the event of the mineral matter contained in the 
inclusion being subjected to sufficient aqueo-igneous heat to produce molecular 
freedom of action, the molecules of felspar contained in the melusion, or intro- 
duced into it from the granite, should not be attracted by crystallographic 
molecular polarity to the felspar in the matrix, at the edge of the inclusion, and 
form on it. Indeed, I think this would be very likely to happen, and the 
appearance of a felspar growing out of the matrix into the inclusion might be 
produced in this way, even in true fragments of foreign rocks imbedded in 
granite. 

Of course, this could only happen when the foreign fragment was imbedded in 
granite in a highly heated condition. In the case of the long splinter of schist 
a fragment of which is depicted in the plate attached to this paper, it is clear that 
it must have been included in the granite when the latter was already partially 
consolidated, and had lost a considerable part of its heat. 

I have found on other grounds, in my previous papers, that the gneissose 
granite had partially consolidated before it was intruded into the stratified rocks ; 
and the evidence afforded by the fragment of schist under consideration con- 
firms this conclusion. The schist would not have retained its fine foliation 
had the granite been in a fluid state, and at the high heat indicated by that 
condition. 

To conclude, I think the evidence available is sufficient to show that the 
majority of the Dalhousie inclusions are really fragments of foreign rocks im- 
bedded in the gneissose granite ; and if so, the further inference that the gneissose 
granite which contains them is an eruptive rock seems irresistible, 

The result of this independent investigation, therefore, is to strongly confirm 
the verdict on the gneissose granite arrived at on a consideration of other 
evidence. . 


Report on the Geology of the Takht-i-Suleman, by C. L. Grizspacu, Geological 
Survey of India. (With two plates.) 


The following notes on the geology of the group of hills of which the Takht-i- 
Suleman is the culminating mass, nearly due west of Dera 
Ismail Khan, and situated in Afghanistan, were made by 
me during the progress of the expedition under General Kennedy, which in 
November last year was undertaken for the purpose of affording a survey party 
under Major Holdich, R.E., an opportunity of conducting certain observations 
from the highest of the Takht peaks. 

I was attached to this expedition officially, but, as was natural under the 
circumstances, opportunities for a regular geological survey were limited ; had 
it not been that the country traversed was very barren and thus very favourable 
for my work, even so much could not have been done as is here presented. Al- 
though these notes and the accompanying sketch map are accordingly of a rough 
nature only, still I believe they give a fairly correct idea of the geological struc- 
ture of this portion of the Suleman range,—a region which had never been visited 
by any geologist, or indeed by any European. 


Introduction. 
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The expedition started on the 15th November 1883 from Dera Ismail Khan, 

consisting of a brigade under Brigadier-General T. G. Ken- 

cain of the ex- nedy, C.B.; the Survey of India was represented by Major 

Holdich, R.E., whom I have to thank for the sketch map 

of the topography of the Takht region. I was attached to the expedition by 
order of the Government of India, to conduct the geological survey of the area. 

The route followed by the troops after arrival at Draband was by the pass 

known near its entrance as the Shekh Hydur. Ascending the Zao stream, along 
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its narrow defile (see fig. 1) through the main range, we eventually crossed the 
divide between the Zao and Draband streams, north-west of the Kaiserghar ridge, 
and gained the Pazai Kotal, which forms an easy ascent to the Takht ‘‘ Maidan,” 
one of the routes used by the pilgrims to the holy shrine on the top of the Takht- 
i-Suleman. The west-slope of the Kaiserghar ridge is ereatly denuded, forming 
extensive undercliffs with deep ravines and precipitous and high escarpments 
above. The path beyond the Pazai Kotal leading up to the Maidan is along the 
crest of a buttress or neck left intact between two streams. 

Here our expedition mct with considerable resistance; one of the sections of 
the Sheorani tribe, the Kidderzaies, strengthened no doubt by many of the 
unruly ‘“budmashes” of these hills, prepared rude defences on the rocky ap- 
proaches to the “‘ Maidan,” and showed that they meant to contest our ascent. It 
became necessary, therefore, to take the position by force of arms, which was 
effectually done on the 26th November, and the road to the ‘‘ Maidan” clearcd. 
The final ascent of the highest peak of the group, the “ Kaiserghar” (north peak), 
was effected on the 29th November by the survey party and mysclf, the escort 
being under command of Colonel MacLean, lst Punjab Cavalry. Tho return 
march was conducted along the same route. 


The very extensive and clear views which are obtained from a few of the 
high points (see profiles, Pl. I and IT) greatly aided me in tracing out the 
geological structure of the region; the country is very barren, and several of the 
beds hereafter to be described are easily distinguished owing to their charactoris- 
tac bright colours. 

I am writing in the field away from the resources of a library, but I believe 
I am not wrong in saying that we knew nothing definite 
relating to the “ Takht” geology itself, this region never 
having been visited by any European. But a fair guess might have been made 
as several of the adjoining regions had been noticed by former travellers; and 
recently a sketch survey of the Suleman hills was completed up to the 30° 30’ 
latitude by Mr. Blanford, late of the Geological Survey of India. 


Previous observers. 


None of the observers noted marginally actually tra- 


’ r 
Pleaieg, fee a versed any portion of the area described by me. Vigne 
Stewart, 1860. ° went through the Gomal pass, but his notes hardly aid in 


Verchere, 1867. ° elucidating the geology of the Takht. 


Fleming refers to a tract of the Suleman hills since described by Blanford. 

Dr. Stewart’s and also Dr. Verchere’s notes have no direct bearing on the 
Takht region, but the first mentions the occurrence of beds near Kanigoram, 
slaty with thin sandstones, apparently below the nummulitic series which may 
possibly be of lower cretaceous age, and perhaps identical with those west of the 
Takht. 


3 Personal narrative of a visit to Ghazni, &c., Lond., 1840. 
2 Quar. Jour. Geol. Soc., Lond., Vol. 1X, p. 346. 

3 Jour. As. Soc., Bengal, Vol. XXIX, p. 314. 

4 Ditto ditto, Vol. XXXVI, pt. 2, p. 18. 
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Mr, V. Ball, then of the Geological Survey of India, was the first professional 
geologist who traversed the Suleman range, and has 
pene tay given! a report of the geology of the range which he 
crossed by the Siri Pass west of Dera Ghazi Khan. 
The ground described by Ball has since been reported on by Mr. Blanford,? 
Hissival een and I will therefore content myself with noticing a few 
ae of the remarks made by the latter, as far as they bear upon 
the geology of the Suleman range only; his memoir contains criticisms of my 
work in the Bolan and Quetta neighbourhood, some of which no doubt are just 
enough, but to several of his remarks I would take exception, and hope to have 
an early opportunity of doing so. According to his report, the physical features 
of the Suleman hills in latitude 30° 30’, up to which his report extends, seem 
much the same as those further north, where the Takht-i-Suleman forms the 
highest portion. The main range consisting of one or more distinct ridges is 
skirted eastwards by low undulating hills mostly of tertiary age which are 
fringed by a well marked range of siwalik rocks along the margin of the Indus 
plain. The following is Mr. Blanford’s list of formations :— 


Systems or major divisions. | Sub-divisions. Suleman. Geological age. 


5. Recent and post-plio- 


Alluvium of Indus Valley - |? Recent and post- 
pliocene. 


Gravels of slopes, &c. 


cene. 
1. Conglomerates . - |, 
Upper f Pliocene. 
4. Siwalik or Manchhar 2. Sandstones and clays, &c. . 
Lower . | Sandstones, clays, &c. . ; . | Upper Miocene. 
8, Nari ‘ ‘ . | Upper . | Sandstones, clays, &c. . . - | Miocene. 
Upper - | Olive clays, shales, sandstones, &c. . 
2. Eocene ° . ; | ocene 
Lower . | Coarse brown sandstone . ° 
vee 1. Hard whitish sandstone grit . 
1. Cretacevus . : Cretaceous. 
eos 2. Dark grey limestone passing down- | > 
wards into limestone shales. 


It will be seen from the followimg pages that the main divisions and beds 
described by Blanford have also been identified by me in the Takht region. It 
will be apparent from my table on page 182 that, whilst some of Blanford’s beds 
are wanting, there are several which seem peculiar to the Takht, unless it be that 
they are present in the hills west of Dera Ghazi Khan, but have not been recog- 


1 Ree, G. 8. I., Vol. VII, p. 148. 
> Mom. G. S. L., Vol. XX, pt. 2. 
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nised by my colleague, he never having actually crossed the high range of the 
Suleman hills.) 

The Takht-i-Suleman is here understood to be the group of peaks, which 
together form a more or less square block or massif 
amongst the neighbouring ridges. It forms part of the 
long range known on our maps as the Suleman range, which in the area now 
visited has a due north and south strike (see Map). The drainage belongs to the 
Indus system ; and the two valleys with which this report deals are those of the 
Zao and Draband? streams, both forming cross valleys through the main range, 
the first known as the Zao defile, and the second as the “ Gut.” 

The general features of the ground are strikingly simple. The high region 
consists of two principal masses, the Takht (with the Zao) hills and the Shin- 
ghar (with the Karzbina*) forming the axis of the range and consisting of the 
oldest rocks of the area. 

The valleys of the Zao and the Draband rise between 3,000 and 4,000 feet 
above sea-level. The defile of the Draband stream (the Gut) divides the range 
into the Zao hills (north) and the Kaiserghar or Takht hills (south). East of this 
range, and skirting it, is a belt of lower ranges, much denuded by the Suleman 
drainage, and which, roughly speaking, form a sort of trough, of which the 
Suleman hills form the western and the outer hills of Siwalik rocks the eastern 
rim, The latter form generally the boundary between India and Afghanistan. 


Physical features. 
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Fig. 2. View of the ‘Maidan’ with the Kaiserghar. 


The massif of the Takht itself may be described as a high tableland (about 
8,000 feet above sea-level) (fig. 2) bounded on its east and west margins by high 


1 See page 123 of his report. 

2 Major Holdich informs me that this stream is called the Lohar west of the “ Gut.” 
* Zawa, Zawaghar of the map. 

# On the map Karajbina. 
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rims formed by parallel ridges of rugged and steep outline. The western ridge 
presents the highest peak (see fig. 2) or Kaiserghar (11,300 feet), and the eastern 
culminates in ages celebrated Pe eae cana (see fig. 3) 11,070 feet. 





cael 4 


Fig e 3, Thi 


This tableland with its two 
parallel rims is altogether 
formed by a huge cap (if I 
may use the term) of coral 
limestone, to be presently 
described. The entire Maidan 
and part of the slopes of the 
bounding ranges are covered 
by a fine forest of the chilkosa 
or edible pime. The scenery 
is striking and fine, the forest- 
covered Maidan itself being 
quite park-like in its general 
appearance. As might have 
been expected, water is only 
found in the deep ravines 
during the rainy season; 
when we ascended the hill, 
the only water obtainable on 
the ground was derived from 
the patches of snow lying in 
sheltered places of the Maidan 
and on the higher slope of the 
Kaiserghar. 

If ever this magnificent 
table mountain should be used 
for a settlement, water would 
have to be stored for the dry 
season, a8 has to be done in 
several similarly situated loca- 
lities There is now the dry 
basin of a naturally formed 
tank on the Maidan, which 
could of course be enlarged 
and deepened, 

The climate is magnificent, 
and in November was intense- 
ly cold in the mornings. 

There is (1 am told) an easy 
road leading to the Takht 
from Drazand, which is usual- 
ly taken by the pilgrims com- 
ing from India. 

In the profile (b, Pl. I) I 
have given a view over the 
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Maidan from the top of the Kaiserghar which will illustrate the feature of the 
tableland with its two parallel ranges. 
I found the following formations and beds represented 


(see also fig, 4) :-— 


" 


Geological results. 
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Number 





Geological age. Sub-divisions. in the section Dzscrirrion oF rocks, 
(see map). 
Recent and post-pliocene | Recent . , : Sands and gravels of the Indus plain. 
12 : 
Gravels and fan deposits. 
Pliocene. ;: . | Upper Siwaliks 11 Conglomerates and sandstone with clays. 
Miocene  . ‘ -| Nari? . ; 10 Reddish brown to orange coloured sand- 


stone, with bands of shales, grits, and 
clays; fossils. 
f| Upper . . 9 Intensely bright coloured, red and olive 
green clays, with dividing beds of sand- 
stone and sands ; fossils. 
Kocene ’ é : Coarse brown sandstone and grits; /os- 


sils. 
Lower } Black carbonaceous shales (locally at 
Upper . : 
Cretaceous ‘ : 


Gandera Kach). 
Lower 


00 


White limestone ; fosstls. 

White and grey coral limestone. 

Earthy shales, 

Hard sandstone with limestone beds. 

Coarse brown sandstone; fossi/s. 

Grey shales with calcareous irregular 
beds ; fossils. 

Black and dark grey shales with lime- 
ne partings and concretionary no- 

es. 


we NWR 


Detailed description of section. 


As mentioned before, the division of the ground into (1) the Suleman range 
and (2) the outer or fringing hills is striking in the 
extreme, and geologically the two areas are distinct ; the 
Suleman range (where I crossed it) is formed entirely of rocks belonging to the 
cretaceous epoch, whereas the outer hills are all composed of tertiary and recent 
formations. It will be easiest therefore to begin the description of the section’ 
with the main range. 


Two distinct areas, 


1. Suleman hills. 


That portion of the Suleman hills which I had the good fortune to visit» 

including under this name the parallel ranges of the 

Senor rocks of Takht (with the Zao hills) and the Shinghar (with the 

Karzbina), is entirely made up, I believe, of the oldest 

rocks found in this part of the country. The greater mass of the range or ranges 

is composed of cretaceous rocks, but it is quite possible that the lowest bed of 
the series shown in the table and section as bed (1) is of jurassic age. 

As will be seen from the figured section, the Suleman range is formed by one 
or perhaps more great folds of the cretaceous series. When viewed from the 
east, i e., the Indian side, all that seems clear is that the beds have a dip due 
east, passing under the tertiary beds of the outer hills. The short Zao defile, while 
exposing the rocks completely, affords little information as regards the structure 


1 In all cases where I refer to the “ section ” the ideal section is meant, fig 4. 
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of the range. The rocks through which the defile cuts are greatly jointed, but it 
seems clear that the dip which is at first east becomes steeper, and eventually turns 
round to about 80° west. Near the stone in the defile, known as the Sar-i-Sang 
(fig. 5), the beds are raised up vertically or nearly so. Water percolating through 


; oe mane 
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Fig.6. The Sar-i-Sang in the Zuo defile. 
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open joints and between the bedding has here and there removed portions of the 
limestone beds, leaving caves, some of them of considerable extent. At several 
points water issues in the form of springs out of openings between the jointed masses 
of the limestone beds. One of these springs in the defile has a temperature of 74° 
and seems to contain some mineral in solution. Itis perhaps possible that the high 
temperature is owing to heat evolved by the decomposition of iron pyrites, common 
in the shaly layers between the lower cretaceous sandstones. The dip becomes uni- 
formly west on emerging from the defile, and remains so in the Shinghar range. 
It was only after I had made two short excursions into the western parallel of 
the Suleman hills, one to the Karzbina, and another to the lower slopes of the Shin- 
ghar hills nearly opposite the Kaiserghar, that I could clearly make out the struc- 
ture. This is especially well seen in the Kotal Zawasir forming the divide between 
the Zao and Lohar (Draband) streams, and connecting the Shinghar with the Zao 
range. The Kotal is shown in the profile Pl. II, near the left side of the view. 

The anticlinal which forms the Kotal Zawasir is composed of the oldest rocks 
seen in the area. When I say that they bear a strong 
resemblance to the Spiti shales of the Himalayas, most 
Indian geologists will recognise the character. The shales are dark grey and 
black, crumbling in small fragments and splinters, with a few layers of limestone 
and traversed by numerous calcareous veins. Here and there numbers of black 
concretionary nodules occur, but I have not found any fossils in them, nor in the 
dark shales. It is this great resemblance to the jurassic Spiti shales of the 
Himalayas which makes me feel doubtful concerning the cretaceous age of these 
shales. At all events they form the lowest beds in this range. At the Kotal 
Zawasir (see section and Pl. II) they form the centre of the anticlinal and are found 
nearly vertically raised up, dipping gradually both east and west. They may be 
found, more or less, along the entire west side (left bank) of the Lohar valley. 

Overlaying the dark shales, on both sides of the anticlinal axis, follow lavender 
grey coloured marly shales of very even texture; accom- 
panying them are thin irregular beds of limestone, sand- 
stone, and ferruginous shales, the exact succession and 
respective thicknesses I could not ascertain. But on the whole I received an 
impression that the grey shales were the predominant feature of this sub-division. 
In the ferruginous sandy shales I found some wretchedly preserved specimens of 
Ammonites, much crushed and in a state quite beyond specific identification. 
They belonged to a species with strong transverse ribs. 

Next in succession above these Ammonite beds come again on both sides of 
the anticlinal (3 in section) brown coarse sandstones and 
grits with ferruginous concretionary partings; the boun- 
daries between the sandstone and the beds below and 
above them are not only not defined, but the beds evidently pass gradually from 
one into the other. The thickness of the coarse sandstone is not great. The 
upper beds become gradually fine-grained, even-bedded, mostly consisting of a 

(4) Takht-i-Sul whitish brown or speckled quartz sandstone, with an occa- 
sandstones, SS ~SséSsionaal calcareous bed intercalated ; towards the top of this 

group the limestone beds become more and more frequent, 


(1) Black shales. 


(2) Lavender-grey 
shales, &c. 


(8) Brown sand: 
stones. 
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and then contain corals, which however are only seen on the worn surfaces of the 
limestone, being completely assimilated with the rock. A few fragments of 
strongly ribbed Ammonites have been found by members of the expedition, but 
none of them would permit specific identification. 

This is probably the group also found by Mr. Blanford to compose the greater 
mass of the main range of the Suleman hills west of Dera Ghazi Khan. The 
thickness I can only guess to be not less than 800 to 1,000 feet. As will be seen 
in my profiles Pl. I. a, and Pl. II, and in the section fig. 4, the lower half of the 
western slopes of the “‘ Takht”’ and the Zao ranges and also the greater part of 
the eastern slope of the Shinghar range are formed of this characteristic sand- 
stone formation. In calling it such I do not wish it to be understood that it is 
by any means a homogeneous sandstone mass; on the contrary, towards the top 
especially, it becomes difficult to determine it either as sandstone or limestone, 
both being present. The uppermost part of this sub-division seems to contain 
more limestone beds than lower down. 

The sandstone group (4) is overlaid on the Takht-i-Suleman side of the 

Johar valley by a band of perhaps 50 to 100 feet of yellow- 
gh) reek) earthy beds ish brown earthy beds with argillaceous shales and clayey 

beds. I have not observed this band on the Shinghar 
and Karzbina side of the valley, but then the ground is less favourable for 
observation on that side, and I could not devote much time to that range. Seen 
from the opposite side (from the west) the shaly band runs in a line from just 
above the Pazai Kotal to above the village of Niaz Kote, south-west of the 
Kaiserghar (see Pl]. IT). The bed is of considerable economic importance, as on it 
apparently collects all the water found in the Takht range during the dry season, 
the superimposed limestone permitting all the moisture to percolate through its 
joints and fissures. The bed also marks a decided change in the rock formations. 
The streams which supplied our camp with water at the Pazai Kota] and the 
springs above the village of Niaz Kote all issue from this horizon. 

Above this lower group of sandstones and shales I found huge masses of 
almost unstratified coral limestone of generally a light 
grey colour. But dark grey masses of dolomitic character 
are not rare. On the whole, it reminded me of some of the coral limestones of the 
Quetta neighbourhood, although the latter may possibly be somewhat older. 

The limestone is shown in the profiles of both plates (I and II), and in the 
section as (6). The appearance of this nearly unstratified mass of limestone, in 
which nothing but corals is observable, suggested to me the possibility of it 
being the remains of an ancient coral reef. This idea would receive additional 
confirmation by the fact that the upper coral limestone 1s more or less of local 
nature only ; from Blanford’s researches it would appear that the uppermost hed 
of the cretaceous group of the Suleman hills west of Dera Ghazi Khan is the 
whitish sandstone, which may correspond with bed 4 of my section; ‘always 
supposing that this want is not owing to denudation. 

The thickness as seen on the Kaiserghar range may be ata rough estimate 

: about 4,000 to 5,000 feet, if not more. It composes more 

Thickness and extent. jan the upper half of the Kaiserghar and the Zao ranges, 


D 


(6) Coral limestone. 
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and, as might have been expected, the whole of the ‘“‘ Takht” owes its peculiar 
configuration to this solid cap of limestone. It has (in the Kaiserghar range) 
an average dip of 20° to east. Not only the ‘‘ Maidan,” but also the parallel 
ranges of the Kaiserghar and the Takht-i-Suleman are composed of this coral lime- 
stone. The very top of the former I found of the same homogenous composition. 

The bedding of it on the Takht is seen to be very little inclined to the east, 
but beyond it the dip quickly becomes steeper, and the coral limestone may be 
seen to dip under the next higher group, which as far as I could judge from my 
point of observation, the Kaiserghar peak, seems to rest conformably on the 
Takht limestone. 

The crest of the Shinghar range appears also to be composed of the coral 
limestone (6). 

The Karzbina point is composed of sandstone (4) (in fig. 5), but the crest of 
the range further west is evidently composed of other rock forming a high 
escarpment in many places. Blocks and debris of the coral limestone are also 
found in the ravines coming from the Shinghar range. 

Outer hills.—Blocks of limestone, mostly rolled and containing nummulites, 
were found along our line of march in the Zao, below 
Gandera Kach. The rock had quite the concretionary 
appearance which is common to the nummulitic limestone 
of parts of the Bolan, and, as I have since found, of parts of the Salt-range.? It is 
a light grey to white dense limestone, separating into concretionary masses, 
which feature gives it the appearance, from a distance, of a coarse conglomerate. 

I was not able to leave the road for any distance from our camp of Gandera 
Kach, near the entrance to the defile, and as the coral limestone of the Zao range 
is there quite exposed by denudation, and all the older tertiaries are removed or 
concealed by extensive gravel deposits, I never saw this nummulitic limestone 
actually in situ. That is to say, I have not been able to lay hands on it, for it 
appears to me more than probable that the much denuded and steep hills which 
are seen to skirt the Takht and Zao ranges on the east are composed of this rock. 
These skirting hills are so much a feature of the ground that they are easily 
recognised on the map, where as also in my profiles (Pl. I, a and b) and in my 
section I have marked them as nummulitics. 

As has already been explained, the area lying immediately east of the Takht- 
i-Suleman is a belt of lower undulating hills, about 12 
miles broad, greatly denuded by the Zao and Draband 
drainage, and bounded on its eastern margin by somewhat 
higher and rugged hills belonging to the upper Siwaliks. All this ground 
between the rugged hills marked as nummulitic limestone and the Siwalik outer 
hills, where not covered by recent gravel deposits, is composed of beds of lime- 
stones, clays, and sandstones with fossils, which in age range from the lower 
eocene to the miocene. — : 

Time did not permit of a more detailed eentcie of the area, nor were 
the opportunities and the state of the country favourable for such work. All 
I could do was to separate on the map these tertiaries from the overlying 


2 As for instance north-east of Musakheyl. 


(7) Nummulitic haus 
stone. 


The tertiaries of the 
Zao and Draband valleys. 
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siwaliks on one hand and the supposed fringing belt of numoinulitic limestone on 
the other. 

Judging from the one line along which we traversed this area, 1t seems pro- 
bable that the rocks composing it form several folds, which are much denuded and 
locally obscured by large deposits of gravels. But the succession of beds, as 
nearly as could be ascertained, is as given in the table, page, 182 of this paper. 

Below the clays and sandstones, which form the low undulating hill ground 

Doubtful horizon of Of the Zao and Draband rivers between the Takht range 
certain tertiary lime- and the outer (Siwalik) hills, certain white and light grey 
Stones: bedded limestones crop up, which contrast markedly with 
the overlying deeply coloured clays. They are flagzy and extremely hard ; 
search in them revealed nothing but sections of Gasteropods and some doubtful 
fossils. Nummulites I have not found in them, but their position below the 
undoubted eocene clays and sandstones of this ground, and also a certain resem- 
blance lithologically with the nummulitic limestone boulders found there, would 
suggest that these bedded white limestones of the Zao belong to the uppermost 
portion of the nummulitic limestone (7). The sketchy nature of my recon- 
naisance of this valley has not permitted to distinguish these outcrops on the 
accompanying map of the ground. 

Especially well exposed is it in the river-bed between the camping grounds 
marked on the mapas Guldad Kach and Gandera Kach, where it forms consi- 
derable cliffs on both sides of the river. In position it is best seen just north of 
Guldad Kach, where the sandstone (8) and the clays (9) are seen to rest quite 
conformably on it. There also the unconformity between this tertiary group 
and the upper siwaliks is very striking. 

It apparently is in sttw in many places in the valleys formed by the Draband 
draimage, as can be seen from the Kaiserghar peak, from which a good view of the 
whole area was obtained (vee b, Pl. I). It seemingly forms a low escarpment 
facing the east (and the siwalik hills), behind which (westward) follow the 
intensely coloured rocks of the upper eocene formation. 

Near the entrance to the Draband valley in the fringing outer (siwalik) hills, 
the white limestone may be seen with its upper green and red beds dipping 
westwards and unconformably overlaid by the conglomerates and sandstones of 
the siwaliks. 

Between this limestone (7) and the rocks marked (8), (9), and (10) in the section 
there is not a trace of the slightest unconformity, whereas 
the most marked discordance between this group and the 
younger siwaliks is observable. The still younger gravels and fan deposits of the 
Zao are of course unconformable to both the older tertiaries and the siwaliks. 

The next higher beds are formed by dark brown coarse sandstones and grits ; 

they are present in all the outcrops of the terti beds 

aS) ee ernuey Se: a ae numerous streams about ‘Guldad Kach, snd are 

seen to underlie the olive and red clays (9) and to rest on the white limestone 

(7). Apparently it contains many fossils, and a larger collection might have been 

made had time permitted. Nummulites, many bivalves (Pecten), and other 
fossils are found in great numbers. 


Conformity. 
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This sandstone is easily recognised and distinguished from the sandstones 
found at higher horizons. The material of which the beds are made is evidently 
caleareous, and in places is nothing else but a breccia composed of limestone 
fragments and shells. 

It 18 very probable that this horizon is identical with the sandstone (lower 
eocene) described by Blanford } from the Suleman range. 

Locally near the camping ground of Gandera Kach in the Zao valley, I 
noticed a bed of black carbonaceous shale intercalated 
between the sandstone (8) and the white limestone (7). 
There are partings of shaly sandstone in these friable black shales, and there 
seems no definite boundary between the latter and the coarse sandstone with 
Pecten, &c. I have only noticed these shales at that part of the Zao valley, 
and it may be possible that it is a local development only. The resemblance oi 
the black shales with the coal-bearing beds of Much in the Bolan is remarkable ; 
T searched in consequence for coal seams, but found none. I am told by Colonel 
MacLean, Ist Punjab Cavalry, that coal seams are found further south in the 
neighbourhood of the Dana pass, but it is not known in which horizon they are 
found. 

There is a marked contrast between the coarse sandstone beds (8) and the 
overlying beds. Without any appearance of gradual pass- 
age, there appear suddenly, in perfect conformity, olive green 
and densely Indian red clays, with only a slight indication of shaly bedding, but 
with partings of rusty brown sandstone. They are very rich in fossils; in fact 
they appear more or less made up of foraminifera, bivalves and corals. I am sorry 
to say that our daily marching prevented my making a good “bag” of them, but 
still the collection made will assist in defining their exact horizon when compared, 

I have little hesitation in identifying this clay group with the olive green 
clays of the upper eocene of the Suleman hiils, described by Blanford, 

The olive green and red clays occupy nearly all the slopes of the low hills 
forming the country immediately east of the Takht range. Being soft and easily 
carried away by the rains, they are greatly denuded and traversed by deep ravines 
in every direction. They are overlaid by the harder beds of the next succeeding 
horizon, and consequently the usual effect of denudation is visible; the clays 
and sands of the upper eocene are gradually removed by denudation and disintegra- 
tion, whilst the more resisting sandstones of the higher beds slip after them. The 
undercliff is therefore generally made up of blocks and slipped masses of the higher 
beds, whilst the latter form steep escarpments above the bright coloured clays (9). 

From the high point Karzbina (see profile a, Pl. I), I obtained a good view 
of some of the country forming the lower Zhob and Gomal valleys. As far as I 
can form an opinion from such a distance, the tertiary beds and amongst them 
the bright coloured clays’ of the eocene series are largely represented in these 
valleys; at least bands resembling those seen in the lower Zao are seen to take 
part in the formation of the hills on the lower Zhob and Upper Gomal. Some 
high hills south-west of the latter also seem to belong to the tertiary group. 
A visit to this ground by a geologist ought to be extremely interesting. 


Black shales. 


(9) Upper Eocene. 


1 Mom., G. 8. 1., Vol. XX, Pt. 2, p. 35. 
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Conformably resting on the bright coloured strata (9) of the upper eocene, 1 
met a group of rocks, mostly sandstones of a bright reddish 
brown, weathering orange coloured, with subordinate beds 
of sandy shales and clays. Some beds become locally grits and here and there are 
almost conglomeratic. They are well seen in the nearly flat-topped hills north- 
west of Guldad Kach, where they form steep escarpments above the upper eocene. 
In places they contain many fossils, mostly foraminifera and corals, but none in 
very favourable condition. 

I believe I may safely identify these beds with Blanford’s Nari beds of the 
Suleman range, which he considers to be of miocene age. 

All these beds are of marine origin and are continnous in succession, not a 
trace of unconformity being traceable throughout, from the lower cretaceous of 
the Lohar valley to the miocene sandstones of Guldad Kach. 

The tertiary beds of the Zao and Draband valleys are seen to be overlaid 
unconformably by two distinct formations of gravels, 
conglomerates, sands, and sandstones. 

The older formation of these two occurs, so far as I have observed, only in a 
more or less narrow belt, just fringing the marine tertiary zone east of the Takht, 
where it forms a high rim as it were or wall of broken and jagged outline. So 
far as outward physical appearance goes, there 1s no difficulty whatever in at 
once identifying this fringing belt of hills with the Manchhars or Siwaliks of 
Bilvchistan, which I have seen myself, and no doubt they are a continuation of 
the siwaliks of the hills west of Dera Ghazi Khan as described by Blanford. 

The beds composing these hills of siwalik rocks all dip to the east and are 
seen along the whole line of boundary to rest perfectly unconformably on and 
almost at right angles with the marine tertiary beds below. This feature is 
especially well seen west of the gorge which the Zao stream has cut through 
these rocks, which is called the Shekh Hydur Pass, and may also plainly be 
observed in a similar position, near the Drahand stream gorge, in these rocks a few 
miles south of the Shekh Hydur Pass. 

Apparently only the upper beds of the Manchhars or Siwaliks are represented 
in the sections east of the Takht, and of them only a small 
thickness (comparatively) is exposed, With the exception 
of irregular and thick beds of a coarse brown sandstone, 
with gritty portions and a few clay beds, the whole group seems to be made up 
of coarse conglomerates of eocene and cretaceous limestones, cemented together 
by a sandy matrix. Fossils I have none out of it. Towards the Draband valley 
the zone seems to dwindle in width, the dip increasing and the beds disappearing 
beneath the alluvium of the Indus plain of Draband. 

Distinct from the conglomerates of the outer or siwalik zone are the very 
extensive deposits of gravels and sands, which I found to 
rest more or less horizontally on the marine beds of the 
Zao valley. To distinguish these extensive deposits on the map was quite im- 
possible, as the outlines of the overlying patches are doubtless very complicated 
and would require a closer examination than I could have devoted to this hostile 
district. In general appearance they rescmble the upper siwaliks as seen in the 


(10) Miocene beds. 


Siwaliks. 


Only Upper Siwaliks 
represented. 


Fan deposits. 
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fringing belt; as far as I could form an opinion, angular fragments of rocks, 
some of very large size, are common in the gravels and conglomerates of the fan 
deposits. Portions of the siwalik hills near the Shekh Hydur Pass are also 
overlaid unconformably by the more recent gravels, so that I believe myself to be 
right in separating them altogether from the former, as also from the recent 
alluvial beds of the Indus drainage. 

The gravels of the “fans ” increase in thickness as we near the main range of 
the Takht, and where cut through by the streams (such as the Zao) the thick- 
ness of the gravel deposits is seen to be some 500 or 600 feet. Towards the 
siwalik belt the thickness is reduced to a few feet. 

I believe the recent gravels belong to one or more huge fan deposits of an 
older drainage of the Suleman hills. As the denudation went on in the softer 
rocks of the tertiary, no doubt new channels were cut and much of the fans 
again removed, and the gorges of the siwalik outer hills formed, leaving patches 
of the younger gravels high above the level of the present streams. 

Distinct from the fan deposits are the alluvial beds of the present streams, 
such as the boulder and gravel deposits and sands of the 
Zao and Draband streams and the fine silt and clayey 
sands of the Indus valley east of the hills of upper siwalik age. 

To this most recent formation of debris of course belong the taluses of the 
various ranges and the huge boulders which have caused so much trouble to the 
caravans passing through the narrow defiles of the Suleman range, such as, for 
instance, the Zao defile. In some parts this defile seems filled with a confased 
mass of strange shaped limestone boulders, and at least one is a well known, and 
I might almost say, historic boulder, z.e., the Sar-i-Sang (see fig. 5). Others 
are denuded by the streams into strange shapes, such, for instance, as is shown in 
the view, fig. 1. 

Their origin is simple enough; most of them belong to the dense grey coral 
limestone of the upper cretaceous group; the entire mass of which appears to be 
greatly jointed and separated into large solid masses. The sides of the defile are 
almost vertical and therefore very little of the disintegration which must always 
take place would suffice to send huge intact blocks down the precipitous sides to 
be afterwards worn into various shapes by the tremendous rush of water which 
fills the defiles during the rainy seasons. The Sar-i-Sang has fallen into one of 
the narrowest parts of the defile, where it has jammed itself fast. The river 
flowing round it has denuded it into a more or less round shape, whilst gradually 
its base became enveloped in silt and gravels. 


Indus alluvium. 


Note on the Smooth-water Anchorages of the Travancore coast, by R. D. OLpHam, 
A.R.S.M., Geological Survey of India. 


On the Travancore coast there are certain spots where, in the height of the 
south-west monsoon, and on a ceast exposed to its full force, ships can always 
anchor m smeoth water. ‘hese anchorages have long been known to mariners, 
sad have at varioud. times attracted attention. In 1881 they ware visited by 
Dr. W. Kimg, Deputy Superintendent of the Geological Survey of India, who 
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found that the mud which formed the sea-bottom was not only greasy to the 
touch, but on analysis proved to contain an appreciable quantity of oil to which 
he attributed the smoothness of the water; this opinion has, however, been 
criticised by a writer in the Madras Mail (9th April last), who gave a totally 
different explanation, which I shall try to explain as briefly as possible. 

In the open sea the particles of water which form the waves move in approxi- 
mately circular paths, each separate particle moving upwards, then forwards, and 
so round by a downward and backward motion to its original position ; as long 
as the waves are in deep water they move forward as rollers, but the water 
itself does not move forward except so far as it is forced forwards by tho wind 
in a manner I shall explain afterwards. 

Now, if these waves come on to a shelving beach, the particles of water are not 
free to move backwards in the lower part of their course, but are restrained by 
friction on the beach, and the consequence is that those particles which aro 
moving forwards in their course get ahead of the others, and the wave curls 
over and breaks. Buta solid shore is not necessary to make the waves break, 
for suppose it to be replaced by some liquid, like treacle or tar whose particles 
have not nearly the same freedom of motion as water, the lower part of the waves 
would be held back in the same way as by a solid shore, but to a less extent ; so 
that the wave could travel further without breaking, but must break at last. 

The theory of the writer in the Madras Mail is this: We know that during 
the monsoon large quantities of fresh water are poured off the land into the sea, 
that on these mud banks fresh water may sometimes be taken in alongside, 
that in any case the water at the surface is much fresher than sea water, and 
being in consequence lighter, floats out to sea on top of the heavier sea water. 
Now, the difference between fresh water and saltis of the same in kind as that 
between water and treacle, though less in degree ; the separate particles of salt 
water have not so great a freedom of motion as those of fresh water; and if, as 
is the case in these mud banks, the salt water is charged with fine mud, the differ- 
ence is increased. Let us suppose, then, that outside the anchorage is a strip of 
sea where there is a shallow layer of comparatively fresh water lying upon muddy 
salt water. The great waves raised by the south-west monsoon roll into this, 
but immediately they reach it the bottom of the wave is held back on account of 
the less freedom of motion of the particles, or the greater viscosity of the salt 
water ; and, if only this layer of fresh water is broad enough, they will break and 
be destroyed. In this way the absence of the larger waves from these anchor- 
ages might be explained. But there is another class of waves which, in comparison 
with the first, might be called ripples; these are not large enough to follow at 
anything like the same rate as the wind, for the larger a wave the faster it 
travels, and in consequence the crests are often blown over by the wind. It is to 
these that the small patches of foam are due which may be seen forming on the 
tops of the waves even in the open ocean, and which are often called “‘ breakers ” 
by landsmen, though their true nature is very different from that of the 
breakers formed on shore. I have not any definite information as to whether 
these may or may not be seen on the anchorages ; if they are not, itis most 
probably due to the oil in the mud, which, however, would hardly account for 
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the absence of the larger waves raised by the monsoon acting on hundreds of 
miles of sea. 

At present so little is known of the facts regarding these anchorages that no 
proper explanation can be given, and it is with a view to obtaining the necessary 
information that the following interrogatory is issued. When the answers are 
collected we should be in a position to give the true explanation of these very 
peculiar and very interesting patches of smooth water. 


GENERAL. 


1. What experience have you had of the Western coast P 

2. Are you personally acquainted with the smooth-water anchorages of 
Alleppy and Narrakal ; if so, about how often have you anchored there ? 

3. Do you know of any other similar places on the Western coast where 
smooth water can be found during the south-west monsoon? If so, what kind 
of bottom is found on them P 

4. What is your experience near the mouths of rivers and other places where 
the surface of the sea is covered with fresh or brackish water during the mon- 
soons ? Do the waves in six fathoms of water and over generally run as large as 
in the open sea, or are they markedly smaller ? 


ALLEPPY AND NARRAKAL BANKS. 


5. Have you ever, during the south-west monsoon, known the sea over these 
banks to be salt—-not merely brackish, but as salt as outside them P If so, was 
the water smooth or rough ? 

6, Of what size are the waves ordinarily seen during the south-west monsoon 
on the anchorages at Alleppy and Narrakal, and do they show broken water on 
their crests to any extent ? 

7. Have you ever noticed a film of oil on the surface of the water at Alleppy 
or Narrakal ? 


Notes on Auriferous Sands of the Subansiri River ;—Pondicherry Lignite ;—and 
Phosphatic Rocks at Musuri, by Witt. Kine, B.A., D.Sc., Officiating Super- 
intendent, Geological Survey of India. 


1.—Anriferous Sands of the Subansiri River. 


It has been-:long known that gold is obtainable in a small way from the sands 
of the Assam rivers, but fresh hopes regarding their productiveness have been 
raised through some reported rich washings. On the 2nd June last the follow. 
ing telegraphic report was given in the Englishman of that date :— 


“ DIBRUGARH, May 30. 


“ Mr. Scott Campbell, who has the monopoly of gold washing in North Lakhimpur, has 
received from Mesers. King, Hamilton & Co. the results of an analysis of some specimens of 
average washings from the Subansiri sands. In 100 parts of washed sand decimal 161 of gold 
were found, being over twenty-six ounces per ton. Former rough tests by local goldsmiths gave 
about nine ounces per ton. Specimens of Subansiri washings have also been sent to London for 
aualysis. The place whence washings were taken is well in British territory, below the Pithalibam 
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tea garden. Unless the analysts’ figures, us given by Mesars. King, Hamilton & Co., are erroneous 
or the specimens unfair, the Subansiri sands must be the richest alluvial gold deposit known. 
Mr. Campbell guarantees the specimens analy-~ed as average washings.” 

This is sufficiently startling in its suggestions of the richness of these sands ; 
and a leading article on it, in the same paper, attracted the attention of the Gov- 
ernment of India. 

Subsequent correspondence made me acquainted with the analyst, who wrote 
that he had based his calculation on the Assay Table in Mitchell’s Manual of As- 
saying, which table is made out on the proportion that if 200 grains of ore give 
tine metal at such and such a rate, then one ton of ore will yield so much. The 
proportion of ‘161 grains of the telegraphic account had, however, been obtained 
in 100 grains of the material, and by an oversight, the rate of over 26 ounces to 
the ton was given instead of double that amount, or 52 oz, 11 dwts. 20 grs. 

I have italicised the word “ore” in the last paragraph, because that word is 
used, in the Assay Table quoted, as a synonym for “ mineral” or vein-stuff, and 
cannot for a moment be considered as applicable to washed sand. Indeed, if the 
term ore is to be used, then the ore in the present case is the Subansiri sand, 
not the washed part of it. Itis this misuse of terms, and estimation on a parti- 
cular filtering or sifting of a material known to contain gold dust, which 
invalidate the whole argument. All that has been elucidated by Mr. Campbell's 
find and the assay is that a minute quantity of washed sand gives a good percen- 
tage of gold; nothing is vouchsafed as to the amount of river sand which was 
treated for this residue, or of the time and labour consumed in that treatment. 

It appears, from previous observations, to be a fairly well established fact that 
the Subansiri sands have generally given the best yields among the many rivers of 
the Lakhimpur district which itself is one of the most favoured of the auriferous 
regions in Assam. For instance, it is recorded that the average yield of the Su- 
bansiri river, about 1853, was from three to four pounds of goid for the year. 
There is little doubt that improved methods of running such sands through 
cradles should make the ont-turn better than it ever has been under the crude 
manipulation of the native washer: buat that this will ever come near the anticipa- 
tions of Mr. Campbell is more than the indications of the rocks of the up-land 
country, or the history of gold washing in Assam will allow. At the very best, 
there may be spots in the great plain of the Brahmaputra which hold gold in 
some quantity, but the hitting off these is almost as chance a thing as can be con- 
ceived in so essentially precarious an occupation as gold prospecting. 

There is, moreover, some very suggestive evidence, adducible from actual out- 
turns of gold from washed sands in the Lakhimpur district, as ascertained by 
Colonels Dalton and Hannay in 1855. 

‘* This gold was obtained partly in a Californian cradle washed by four men at Gurumora, 18 
miles below Bhramakhund. Two and a half tons of stuff which were passed through it yielded 30 
grains, or in value Rs. 2-8. In the native trough (or durunt), washed by three men, the yield from 
18 ewt. of stuff washed in one day was about 12 grains, or in value 1 rupee. The natives looked 
upon this as a poor yieled, stating that after a flood they sometimes got double that amount.” } 


It is hardly necessary to point out that this very practical mode of testing the 
? Manual of the Geology of India, Part IiI, p. 225. 
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auriferousness of the sands is of infinitely more value than any estimate based 
on an examination of a sample of concentrated washings. 


2.—Pondicherry Lignite. 

During the last two years various reports have appeared at odd times 
regarding an extensive and thick deposit of lignite occurring between Pondicherry 
and Cuddalore, which is to be compressed into bricks or patent fuel, and so help 
to relieve Madras from the reproach of having no coal or other mineral form of 
fuel within its proper borders. 

Mons. Poilay, the Engineer of the Company which proposes to utilize this 
resource, was the discoverer of the deposit ; and it is from this gentleman that I 
have personally and by letter, always received the most obliging information 
concerning its occurrence. 

Two thick beds of a dark brown or black deposit, some of which I would 
rather describe as a carbonaceous mud than a lignite, were struck during some of 
the artesian boring operations in the alluvial flat between Cuddalore and Pondi- 
cherry, though still in French territory. Subsequent borings were carried out 
at Bavuor or Bahour (French), Koniakovil, and Aranganur, three villages at the 
corners of an acute triangular area having its longest side, of about 5 myles, 
between Bavur and Koniakovil. 

The boring at Bavur pierced a bed of this carbonaceous deposit (‘‘ Lignite 
trés noir avec pyrite de fer’’ of Mr. Poilay’s section) nearly 35 feet thick, at a 
depth of 275% feet. At Aranganur, nearly 2 miles north-north-east of Bavur, a 
similar deposit (‘‘ Lignite pur”) over 27 feet thick was struck at 203 feet; and at 
94 feet deeper another bed (“lignite”) 54 feet in thickness. This last would 
appear to correspond to a very thin streak at Bavur, some 30 feet below the thick 
seam at that place. At Koniakovil, a little more than 5 miles north-east by north 
of Bavur, a 50 feet bed of “Liignite noir compacte ” was met with at 330 feet. 

Other borings in the intermediate ground may have been made since the last 
bore sections (dated 20th October 1883) were supplied to me by my friend Mr. 
Poilay ; but I have received no further information on this point. It is assumed 
that these three borings have struck the same thick bed, and that it may be fairly 
continuous over the triangular area at least, as a great bed among the alluvial 
deposits. If all this be true and if the deposit come up to the standard reported 
of it, then undoubtedly Mr. Poilay’s estimate of several hundred millions of tons 
of fuel is not exaggerated. 

Some assays of the material do not, however, bear favourable comparison with 
those which were in the first instance made for the explorers by French chemists. 
On the other hand, rather more promising but still unsatisfactory results have 
lately become public, through a report by the Officiating Chemical Examiner for 
the Bengal Government, to which reference will be made further on. 

The original assays, given in a preliminary notice by Mr. Poilay, are suffi- 
ciently promising :— 

“The assay of a sample of this lignite, based on a report drawn up by M. Philaire “ Phar- 
macien de la Marine & Pondichery,” dated 4th May 1882, gives by calcination, 6 per cent. of ash, 
49 per cent. of volatile matter, and 45 per cent. of coke ; dullish black blistered, unequal fracture, 
friable, without woody texture 
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“ The elementary analysis gave the following result :— 





Carbon : . : . : : : : ‘ 59°9 

Hydrogen . ; . ‘ : ‘ . : . 5°78 

Oxygen and Azote . : : ; : ; : . 28°32 
94°00 


«The calorific power of this combustible, as determined by M. Philuire, is 4,182, with a density 
of 1/183.” 


Subsequent examination in Paris gave even better and presumably more re- 
liable results: thus, seven samples gave a mean of 8'35 of ash and 91°65 of volatile 
matters and coke. : 

A comparison is then instituted between the Bavur deposit and the lignite 
of the Bouches de Rhone, in the following table :— 


Bavur. Bouches de 





Rhone. 
Density . ; . ‘ : ‘ : 1°183 1°254 
Nature of Coke. Intumesced. Pulverulent. 

Carbon. ; . : ‘ ; ‘ 59°90 63°88 
Hydrogen . : : . ' ; , 5°78 4°58 
Oxygen and Azote. ; , : ‘ 28°32 1811 
Ash ; ‘ . : . : : 6:00 13°43 
100°00 100-00 

ay ieee ee] 

Hydrogen in excess. : ; : ; 2°24 2°32 
Calorific power : ; ‘ ' ‘ 4182 5961 


Our own trials of samples of this deposit gave very different resu’ts. Mr. Poilay 
very kindly intrusted several pounds weight of some to me, which he warned me 
was not as good as that of the proper thick bed, and which was from the lower 
thin streak. This was a nearly black, or brownish-black, crumbly, slightly sandy 
carbonaceous mud which soiled the fingers. I expressed my doubts as to the 
proper liynitic character of the material; but M. Poilay seemed to have every 
confidence in the sample he was thus confiding to my care. It was then sub- 
mitted to my colleague, Mr. F. Mallet, in the Survey laboratory. Some 
20 to 25 ibs. of the black mud were powdered and well mixed up, a sample of 
which gave the following composition :— 


Moisture ‘ Z P ‘ ; 2 ‘ ; ‘ 22:00 
Volatile matter (exclusive of water) . ; : ; . 23°90 
Fixed Carbon : P A . 3 ‘ A : 21°60 
Ash e e e e e * e ® ry e 32°50 

100-00 


Does not cake, ash light buf. 
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A former analysis by Sub-Assistant Hira Lal gave— 


Moisture : ; ; ; : ‘“ ; : ; 16°76 
Volatile matter (exclusive of water) , ; ‘ é 26°66 
Fixed Carbon ‘ : : ‘ : : F 7 84°30 
Ash, < . : : < : ‘ ‘ f 22°28 

100-00 








Does not cake, ash reddish. 


A couple of months later, Mr. Mallet wrote to me :— 


‘‘ Mr. Daly, of the Bengal Pilot Service, intely brought up some more samples of the Pondicherry 
lignite, and some manufactured sub-cylindrical bricks. It is evident that the stuff varies very 


much in composition, as may be seen by comparing these analyses with those previously made.” 


Lignite. Brick 

Moisture. ° ° ° ‘ . 35'3 174 
Volatile matter (exclusive of water) ; 29°1 25°6 
Fixed Carbon , ° ° ; ‘ 25'2 23 0 
Ash , : : ‘ ° . ‘ 10°4 340 
100°0 100-0 


Does not cake, Does not cake, 
ash ochre yellow. ush buff white. 











This lignite is a black-brown hardened mud, with a few minute sandy particles 
scattered through it, carbonaceous. 

The latest examination of the Bavur lignite is that made by Mr. Waddell, the 
Officiating Chemical Examiner for the Bengal Government ;! and here again are 
some curious results, though they do come nearer the original assays put forward 
by M. Poilay :— 

These specimens of hgnite and patent fuel were submitted to Dr. Waddell 
by the Public Works Department, Government of Bengal, namely :—Lignite in 
its normal condition; Ingnite mixed with tar and allowed to dry in block ; and 
Lignite macerated and mixed with water and allowed to dry in block. The “lignite 
in its normal condition” is described as of a jet black colour with a somewhat 
vitreous fracture and devoid of ligneous structure. This is, of course, the form 
(normal condition) in which every one would first of all prefer examining the 
deposit; but I am bound to state that none of the material supplied to the Survey 
answers this description. 

Our specimens answer rather to the macerated lignite sent to Dr. Waddell 
which “was of dark brown colour, dull fracture, thickly sewn with numerous 
white siliceous particles, dry to the feel, and readily crumbled under pressure:” 
except that they were not so sandy or full of siliceous particles. 

So far, it seems very evident that a varied assortment of substances has 
been submitted for examination: thus, samples from the upper seam, specimens 
from the lower bed, and manufactured bricks of kinds, as well as a macerated 
article which it is difficult to comprehend. 


41 first became aware of this report, by seeing it noticed in the Madras Mail; but my 
prevent information is from a copy supplied to me by the Revenue and Agricultural Department. 
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I will now take the liberty of reproducing Dr. Waddell’s analyses, mercly run- 
ning his separate tables for calorific power and chemical composion into one :— 





_— — 














Lignite, macerated! Lagnite maxed 





and mixed with with tar and Lignite in its 
water and allowed} allowed todry | natural condition. 
to dry in block in block. 
Calorific effect . ‘ ‘ é ; f 5017 6382 5318 
Water 7 e ® e . e 9 7a0 9 1 15 16 276 
Volatile Hydro-carbons . é ‘ . =i 34°210 30 383 35 651 
Carbon, fixed . é : . : 23 090 29 402 37 720 
Coke , 
Ash | 32 950 31 067 7 451 
Torat | 100 000 99 997 99°99 
1 peace eS areca tes 
Loss ‘ | 003 002 








On the face of it, these substances are sufficiently incongruous in their condi- 
tion, in their calorific power, and in their amount of ash. Itis not clear 
whether they have been procured from the same portion of the lignite bed: 
indeed it is more clear that they have not been so selected: and therefore they ° 
are hardly worth consideration as giving comparative values. 

On the whole, sample No. 3, which has by all accounts remained free from 
treatment in any way, is the best fuel of the three; and I should not be at all 
surprised to find that it is a specimen from a band, or seam, or pocket, of more 
perfect lignite in the main thick bed. The calorific power of this sample (No. 3) 
is also comprehensible; but such is not the case with No.2 which with less 
fixed carbon and 23 per cent. more of ash gives nearly 1,000 more units of heat. 
Another very remarkable feature about all these assays is this, that when once an 
artificial brick is made, the ash increases enormously. 


In any case, samples (1) and (2) are very poor in spite of the calorific power 
attributed to them; and it is inconceivable how a locomotive or a steam-boat 
could be benefited by carrying about patent fuel containing 31 to 32 per cent. of 
ash. 

The fact is, further dnd many assays and trials of average specimens of the 
lignite itself and the manufactured bricks must be made before any fair estimate 
can be arrived at of the capabilities of this deposit. As far as I can see, the 
problems to be solved in the development of this industry, as indicated by the 
experiments now extant, are how to get rid of an enormous amount of ash and 
moisture, and how to consolidate the bricks by a medium the price of which 
shall not handicap the working of the deposit. 
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3.—Phosphatic Beds, Musuri. 


A very interesting discovery has been made at Musuri by the Rev. J. Parsons 
of Midlands, in which also Dr. H. Warth participated. Nodular bands have 
been long known as occurring in the black shales of Musuri, but while Mr. 
Parsons has been hammering among them for some years with the hope of finding 
fossils, and thus finding a more exact clue to the age of these rocks, he was struck 
by the marvellously bivalve-like appearance of some of the nodules. Indeed, the 
shape and even foraminal-like beak of some of them, give at first sight a remark- 
able semblance to certain terebratulids, There, however, the likeness ceases, 
and the true nodular structure of the sub-ellipsoidal bodies soon becomes evident. 

It was next ascertained by Dr. Warth that these nodules and a thin seam of 
rock associated with them contained a sensible amount of phosphoric acid. 

Mr. Parsons then sent several parcels of the nodules to the Survey for exami- 
nation ; and a later supply of them, together with fragments of the rocky seam 
(supposed to be phosphorite) were sent on to us by the Revenue and Agricultural 
Department as from Dr. Warth. 

The nodules present none of the characters of coprolites ; they are merely con- 
cretionary forms of a nearly black or dark-grey colour, generally rough on the 
surface, but occasionally smooth and rather soapy to the feel, and rather hard. 
They are only very slightly calcareous. Some of them are not even phosphatic 
or only very slightly so; indeed, they are extremely varied in their constitution 
according to the greater or lesser amount of their components or the absence of 
one or other of them. Taken in numbers, they are on the other hand essentially 
phosphatic, though not with lime phosphate. 

A. preliminary assay of one by Mr. Blyth, the Museum assistant, showed no 
trace of phosphorous: but further trials of a few gave as much as 4°89 per cent. 
of phosphoric acid. 

The so-called phosphorite occurs in thin seams associated with the nodules. 
It isa nearly black, hard, somewhat vesicular (from the weathering out of ? 
sulphate of baryta) volcanic-looking rock, sprinkled through with small crystalli- 
sations of heavy spar. The colour, and the harsh somewhat scabrous look, give 
the volcanic aspect; but the rock is really only a non-nodular part of the shale 
band. It, too, has the varying constitution of the nodules; and may be called 
a phosphatic rock. 

The specimens were next submitted to my colleague, Mr. HE. J. Jones, who 
after a most careful series of experiments determined their composition as 
follows :-— 

* Results of analysis of portions of eight nodules, 

Phosphate of Alumina. 

os »» wuime. 

9 »” Magnesia. 
Silicate of Alumina. 
Sulphate cf Baryta 
Traces of Phosphate of Iron. 

»  s Sulphide of Copper. 
Carbonaceous matter. 
Silica, 
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Hydrofluoric Acid. 
and small quantities of Iron, Magnesia and Lime, not as phosphates. 


“ Results of analysis of a rock supposed to be phosvhorite :— 


Phosphate of {Alamina, 

= »» Lime. 

oa » Magnesia. 
Silicate of Alumina. 
Sulphate of Baryta. 
Sulphide of Copper, (traces). 
Phosphate of Iron (traces). 
Carbonaceous matter. 
Silica 


and traces of Lime, Magnesia, and Iron, not as phosphates. 
Traces of carbonic and hydrofluoric acids. 


Thus the qualitative composition is the same for both substances; but I have 
thought it best to give each, as the latter was examined some time after the first. 


“ Determination of phosphoric acid in the nodules :— 
45°17 per cent. Phosphoric Acid. 
or 35°84 PP rs Anhydride. 
“ Determination of phosphoric acid in the rock :— 


41'8 per cent, Phosphoric Acid. 
or 82'3 Pe as Anhydride. 


“ The most prevalent constituent in this form of shale is the phosphate of alumina, 


A sample from five or six nodules, powdered, gives, according to Mr. Blyth, 
8°42 per cent. of lime. 

In all true phosphatic nodules, or phosphorite, the essential constituent is 
phosphate of lime, though the “strength and value of the minerals is calculated 
according to the amount of phosphoric acid there is in combination with the other 
minerals.!”’ There are only two cases recorded, namely the phosphatic deposits 
of Alta Vela, a small island near St. Domingo, and Redonda Island (16° 54’ N., 
62° 21' W.), which have little or no lime in their constitution. In ordinary 
phosphates, the lime runs as high as 56°62, or only as low as 32°62 per cent. : 
while the phosphoric acid varies between 20 and 40 per cent. 

The Musuri phosphates might then be more properly distinguished as alumina 
phosphatic deposits. The treatment of such phosphate is more difficult and 
complicated than that of ordinary calcareous phosphate, but can be effected 
(according to Spence’s process) by solution in sulpburic acid and addition of 
ammonia from gas-liquor. After the alumn has crystallized out the phosphoric 
acid in the mother liquor can be converted into artificial manure. 

From a geological point of view, this discovery by Messrs. Parsons and 
Warth is particularly interesting as presenting indicat.ons of former life which 
may yet be more clearly displayed by the fossils themselves in the hitherto barren 
deposits of Musuri. 


3 See a very elaborate article on Phosphate of Lime, in “ Earthy and other Minerals and 
Mining,” by D. C. Davies, 1884, Chap. VII, Vol. X. 
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Mr. H. B. Foote’s Work at the Billa Surgam Caves, by R. Bruce Foors, F.G.S., 
Deputy Superintendent, Geological Survey of India. 


Although the exploration of the Billa Surgam Caves was not very successful 
in its earlier stages, it has since then produced results of 
great interest, both archeologically and zoologically. The 
existence of prehistoric man in that quarter has been most conclusively proved, 
while much light has been thrown upon the former geographical distribution of 
some important generu and species of animals no longer existing wild in the 
south of India, The deeper the excavations have been carried both vertically 
and laterally into the recesses of the caves the more interesting and valuable have 
been the finds made. 

A sketch of the first part of the exploratory work carried out by myself last 
_ year was given in the February number of the Records (Vol. XVII, Pt. I, 1884). 
At the beginning of the present year (1884), I was called off to other duties, 
but as His Excellency the Governor of Madras was anxious that the exploration 
work should not cease, it was entrusted to my son, Mr. Henry B. Foote, Lieuten- 
ant, Royal Artillery, who was temporarily attached to this Department, and took 
up the excavations where I had left off. My son had spent several weeks with 
me a few months before, and had afforded me great assistance in exploring and 
excavating different caves, and had therefore gained a knowledge of the country 
and of the people whom he had to employ in the further explorations. This he 
took up early in March, and carried it on till the end of May, during which time 

Mr. Henry Foote’s he cleared out the remaining half of the Charnel House 
work in the Charnel Cave very nearly to the bottom of the narrow passage to 
oe cere which the cave contracts downward, a passage so narrow 
that the diggers have difficulty in finding room to work. 

Mr. Henry Foote also commenced excavating the Purgatory Cave, and was 
thereby enabled to follow it fully 300 feet further into the 
hill. Ina rough report of the work done by him, he says 
‘‘T did not reach the end of this gallery as it was too narrow, but if it were cleared 
out, it would no doubt be possible to go much further in and also up several 
branches which were too much filled up to be entered.”’ 

When first explored, two pits were found in this long and narrow cave—one 
some 15—20 feet within its mouth, the other some 10 yards or so further in. 
Nothing certain could be ascertained from the Kotal villagers as to the origin of 
these pits, which rumour ascribed to treasure hunters, but they were very likely 
sunk by guano diggers ; the soil in the cave being largely made up of dry dusty 
guano derived from the droppings of the clouds of bats which live in the dark part 
of the passages. On clearing the guano-soil out of the outer pit, Mr. Henry Foote 
found its “further wall composed of a stalagmitic mass,’’ of which he says “I 
fancied it might form a floor, and so continued the pit down toa depth of about 13 
feet, when I reached the bottom of the cave, and found that my surmise was 
correct, there being a space of about 3 to 4 feet under the stalagmite filled with a 
red clay, with pieces of stalagmite and limestone forming a sort of breccia. As 


Introductory. 


Inthe Purgatory Cave. 
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I had not much time at my disposal I could not then clear out the whole cave sys- 
tematically, so I proceeded to clear out the earth under the stalagmite floor. The 
floor continued for 9 yards and then gave way to the interstratified earth and 
bats’ dung, and at this point I stopped. Among the finds in this cave were 
several fine teeth and a few bones. I found also, just at the place I stopped at, 
two small drinking bowls of rough earthen-ware at a depth of 11 feet below the 
surface. They are not of modern shape, but have no very distinctive character,” 

*‘As we advanced into the cave, the bats’ dung stratum got thinner and dis- 
appeared altogether after 200 feet. The cave earth is here a wet grey clay.” 
“T fancy that the earth at the bottom (under the stalagmite) is of great age, and 
once filled the whole cave as in the recesses there are pieces of it adhering to the 
roof.” 

In the Cathedral Cave, Mr. Henry Foote commenced systematic excavation 

In the Cathedral Cave, ppone a month before the end of his time. He reports 
**T could not at first work in it, owing to the numerous 
swarms of bees which occupied it, but after destroying their nests twice, they 
retired up the cliff to a safe height, and I commenced work in one corner of the 
cave, under an overhanging piece of the wall which, being the only place the sun 
does not reach in the afternoon, was the most suitable for human habitation.’ ? 
‘‘ Having cleared away the bats’ dung, which was about a yard thick, over a 
surface of about 50 square feet, I commenced to excavate the beautifully strati- 
fied cave earth in layers of one yard in thickness. The top layer was very full 
of bats’ dung which gradually disappeared as I got lower, when the earth became 
a rather stiff red clay.” ‘There were a good many fallen blocks in places, but 
not so many as in the Charnel House. There were also a good many masses of 
stalagmite, mostly on the edge of my excavation, all in situ, and as they were of. 
large size the cave earth underneath them must be of considerable antiquity.” 

The Cathedral Cave contains many more stalactites and stalagmites than any 

; of the others, and a great part of its eastern end is filled 

aoe and stalag- ith an enormous mass, composed of both forms of the 

deposit, to which the name of the “ High Altar” was 

given from its great resemblance to the sanctuary in a Roman Catholic Cathedral. 

It is impossible to give any closer idea of this remarkable cave without illustra- 

tions, which it is hoped will be forthcoming to accompany the final report on the 
cave work. 

The existence of man at a low stage of civilization was ascertained beyond 
fear of contradiction by the discovery of a well-made bone 
man. gouge and of two pieces of stag-horn which have been cut 

car ponee: with some sharp instrument, one indeed has been deeply 
cut into and shaped into a rude implement. These were found in the Charnel 
House Cave at a depth of 15 and 16 feet below the surface respectively. The 
Cathedral Cave also yielded an implement of bone trimmed by many cuts of a sharp 
instrument into a rude knife shape. Two or three bones also were found show. 


Traces of prehistoric 


1The open exposure to the rays of the afternoon sun of a cave in the latitude of Billa Surgam 
would render the place practically untenantable for several hours. The concentration of heat 
radiated from the high cliffs at the back and around the Cathedral Cave is something tremendous. 
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ing distinct traces of having been scraped with a hard and sharp implement, 
the marks being such as would be made by a sharp stone flake. 

A fair number of teeth and bones of various large and medium sized animals 
was collected, as well as many thousands of those of very 
small animals, such as squirrels, rats, mice, shrews and 
bats, also of small birds, snakes, lizards, frogs and toads. 
Shells of some of the existing species of landshells were found numerously, par- 
ticrlarly those of Helia nicobarica, Nanina tranquebarica and Pleurostoma 
(nodtfera ?). 

But little could be done towards the specific determimation of the bones found, 

even where the genus was easily recognizable, the osteo- 
simp ciovece: a logical collections available in Madras being far too small. 

In the few cases in which specific determination was 
feasible, the bones were found to belong to living species. 

The annexed list gives, as far as possible at present, the generic and specific 
names of the animals whose remains were found in the 
Billa Surgam Caves :-— 


Number of bones 
found. 


List of animals found. 


MAMMATIA. 
Presbytis (Semnopithecus) priamus ? Equus, sp. 
Macacus ? sp. Sus indicus. 
Chiroptera, severn). Rusa aristotelis. 
Sorex, 8p. Axis maculatus. 
Felis tigris. Memimna, 

- Bp. Antilope bezoartica ? 
Viverra zibetha ? Portazr pictus. 
Herpestes griseus ? Capra ? 

Cants, sp. Ovis ? 
Seiurus, 2 or 3 sp. Bos, sp. 
Mus, 2 or 3 sp. Gaveus ? 
Hystriz leucurus ? 
Lepus, sp. 
Rhinoceros, sp. (? garunr us). 

AVES, 


Several genera belonging to the orders Raptores and Grallatores (?) 


REPrixza. 
Crocodilus. Agama, sp. 
Vuranua dracena. Lacerta, sp. 
AMPHIBIA. 
Rana. 
Bufo. 


The remains found all occurred as detached teeth and bones or portions of 
Condition of the} bones. The best specimens are a few rami of mandibles 
and two or three maxillw retaining four or five teeth 

& piece. Most of the specimens, however fragmentary, are well preserved for 
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individual determination. Feww ere thickly encrusted with kankar, few also were 
found in a state of great brittleness, but few also are highly mineralized. The 
number of species already recognized is very large in proportion to the number 
of bones of the larger animals which were found, but it may be expected to be 
increased very considerably when the large series of small bones collected shall 
have been fully examined. 

The extremely great number of bones of small rodents, birds, reptiles, &c., &c., 
which were found in the different beds of the cave earth, may be reasonably 
attributed in great part to a cause which is still in action in these caves and 
adjoining ones. The cause in question is the frequent 
visits of large birds of prey, such as eagles, kites, hawks, 
and owls who seek the quiet and retirement of the caves 
in order to get rid of the undigested hard parts of their prey, in the form of 
castings. Considerable accumulations of such castings were found in the Charnel 
House and Cathedral Caves as well as in several of the smaller ones. Osscous 
deposits of such character have doubtless often been covered up by the sediments 
brought into the caves by floods during wet seasons; the feathery and tendinous 
parts of the castings have decayed and only the bones remained behind. 

The evidence obtained so far goes to prove that the caves were not continu- 

No signs of continu. ously inhabited either by man or predatory animals. The 
ous residence of man or greatest number of bones found in the Charnel House 
predatory animale Cave, for example, occurred in, or close to, the mouth of 
the small tunnel-like gallery opening into the cave at its upper extremity. These 
bones seem all to have been washed in from above by the stream which flowed 
out of this gallery in wet seasons, and which formed the several beds found in the 
upper end of the cave. The beds which occur at the mouth of the cave and 
which were formed by the main stream flowing through the several cajions, are 
remarkable for their poverty in fossil remains. How the bones entombed in the 
Cathedral Cave and in Purgatory reached their places of rest it would be pre- 
mature to say till the excavations have proceeded considerably further. 

There are no accumulations of Album grecum in any of the caves, such as 
would inevitably have been formed had they ever been long occupied by carni- 
vorous animals, nor are there any considerable deposits of ashes and charcoal with 
fragments of bones and other indications of man’s continued residence which 
formed such interesting accumulations in many other bone-caves. 

No stone implements of any kind have been discovered in connection with the 

Billa Surgam Caves, excepting perhaps a minute tri- 
f ee tins mpeven angular splinter of rock crystal which might have served 
as a drill. 

Of the broken bones which occurred in considerable numbers some bear 

distinct tooth marks, others, and more especially fragments 
aa and broken of the thick and massive bones of large animals, appear 

broken with great violence, as if with a hammer or heavy 
stone, not splintered, as if bitten. 

The great majority of bones whether unbroken or broken before being 

buried, as a very large number evidently were, retain their form distinctly and 


Source whence the 
small bones were derived, 
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show no signs of having been rolled far, which agrees with the inference that they 
were washed into the cave from only a very short distance. 

Of the crushed and broken bones which were found in all the three caves 
explored, many had been reduced to that condition by the falling of heavy masses 
of limestone from the roof. No burnt bones were noticed in any of the caves. 

A very interesting fact and one adding materially to our knowledge of the 
Occurrence of the geographical distribution of the perissodactyle ungulata 
genera Equus and Rhi- of India within the human period is the occurrence so far 
etiam south in the Peninsula of the genus Equus and of a second 
species of Rhinoceros. The living Indian representative of the first named 
genus is Hquus onager, the wild ass of Kutch, which occurs also in Gujerat and 
the countries west of the great Indian desert, but is quite unknown in the penin- 
sula. Of the two Indian species of Rhinoceros now living, Rh. indicus is reported 
by Lydekker! to have been procured from “the turbary of Madras.” The 
remains of rhinoceros found by Mr. Henry Foote belong to a smaller species with 
a very different dentition, being very markedly brachydont. 
The remains of rhinoceros found in the Charnel House Cave at Billa Surgam 
_ consist of a right upper molar (probably ™ 1.), a right 
ee Surgam Rhi- ower molar (probably m.1.), and of a fragment of a right 
upper molar (probably m. 3.), Of the first only the crown 
remains, but is in good condition. The lower molar retains the greater part 
of the fangs, and the crown is in good condition (one little chip out of the 
anterior part excepted). The two were not found together, and the lower molar 
may probably have belonged to a larger individual than the upper The frag- 
ment of the upper molar (™. 8.) must have belonged toa very much smaller indivi- 
dual than either of the others. It shows but small signs of wear and could only 
have been cut a very short time before the death of its possessor. The other two 
teeth are greatly worn and must have belonged to fully adult or old individuals. 

The upper molar is very characteristic in shape, and quite unlike any of the 
fossil Asiatic rhinoceroses already described. Itis also quite unlike the molars 
of Rhinoceros indicus, but bears considerable resemblance to the molar of Fh. 
sondaicus (javanicus) figured by Owen in plate 138 of his Odontography. 

The remains of Equus found were the follow- 


The BillaSurgam horse. . 
ing :<— 
1, A molar (lower, left) i : Charnel House Cave, 
2. A metatarsal right Z P Cathedral Cave, 
8. A rudimentary metatarsal (Met. 1V) do. do. 
4. A metatarsal (?) distal end = do. do. 
5. Three incisors, germs (upper P) do. do. 


Of these, numbers 1, 2, 3, and 5 belong to a small individual, of about the size 
of an ordinary ass. No. 4 belongs to a much larger, coarser built, animal. 


} Lydekker, B. Synopsis of the fossil Vertebrata of India, Records, Geological Survey of 
India, Vol. XVI, p. 80, 1884. 

* This rudimentary (left) metatarsal belongs doubtless to No. 2, as though found several fect 
apart in the cave earth (in squares Nos. 41Ca aud 45Ca respectively) the two bones fit perfectly 
and show identical colour and degree of fossilization, 
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The section of the cave earth in the Charnel House Cave which was obtained 
Section of the Cave by Mr. Henry Foote while excavating the northern half was 
Earth, Charnel House much clearer and more instructive than that seen by me 
a in the southern half ; the former is therefore given below :— 





4/ A}, Surface (bats? dunz) bed. , . 8 $¢ 3 
2 9” <A. Rubble bed with large fallen blocks of jineatone 2 . 2 o* Em S 
= @ 
oe a } Stiff 1ed clay, with sandy partings? .. , Z . 4 ¥ 3 ie 
a a 
2’ 6° at Rubble bed : ° . . , ; : . Ye" 5 = a 
3” 6” 3S s @o - 
9” H. Red cave earth, stony above . : a ‘ : , 1 gh @ 8 Be 
@ © «a Sard o 
1’ 3” I. Red and mottled cave earth . . ‘ . ° oe e 2 E = & 
a = 
J. Red-brown cave earth with patches of calcareous sand . 1’ a 3 e 5 
Oe oe 
lV 6” S44 20% 
3 Red sandy cave earth with blocks of limestone . ee 6 ; E re 3 » 
ese™ % 
& 
: fb nae 
Stiff marly cluy taken out in four ion of 1 Pi each ele 
in thickness, ‘ : mt £5 3 
P. 
28’ 9” 


‘‘ The stratification of the cave earth, though very distinct in places, was more 
ften obscure, and the large amount of infiltrated colouring matters (though often 
giving rise to very beautiful tints) were a source of great difficulty in the separa- 
tion of one bed from that underneath it.” 

The artificial contents of the surface bed were, as already stated,? a few bits 
of broken pottery and charcoal, and a couple of small 
chank shells, doubtless once the property of some gossain 
or fakir. In addition to these were patches of small 
bones, &c., which are the half-weathered castings of large birds of prey before 
referred to (page 203). A full collection of these was made for comparison with 
the numereus bones of small animals which Newbold described as occurring in the 
cave earth below. 

The loose red loam underlying the surface bed contained at one place (21 feet 

Human bones ana West of the entrance to the narrow passage at the east ex- 
teeth below the surface tremity of the cave), a number of human teeth and bones, 
bed. belonging apparently to one and the same individual. 
The bones consisted of numerous fragments of a very thick calvarium (too 
broken to piece together successfully), fragments of the mandible and one or two 
vertebra, ribs and parts of various limb bones. They had been much broken up 
by a large mass of limestone which had fallen on the spot where they were 
buried, and being very brittle suffered a good deal more while being dug out. 


Contents of surface 


1 The Rubble bed “ A” occupied only the front or western half of the cave; in the back or 
eastern half, “B” lays immediately under the surface bed “ A?.” 

3 Rough notes on Billa Surgam and other caves in Kurnool District, &c. Rec. G.8, of L, 
Vol. XVII, pt 1, page 27, 1884. 

® These have not been compared as vet. 
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The most interesting facts connected with the underlying strata in the Char- 
nel House may be briefly enumerated at this place. Bed 
“A” yielded inter alia the right ramus of the mandible 
of a very young small ruminant (? Antilope), also the right maxilla with teeth of 
large monkey, differing slightly from Presbytis (Semnopithecus) priamus. From 
the relatively small size of the canine the owner was probably a female, but her 
jaws exceeded considerably in size that of a very fine male langur whose skull is 
in my collection, 

In Bed 2 , Mr. Henry Foote found some charcoal and fragments of coarse 
B unglazed pottery, as well as fragments of thin glazed red 
In bed 2 ; 

. pottery of a very antique type. 

Bed showed nothing of interest, and beds F and G, which he farther 
back in the cave and do not come within the section above given, were also 
devoid of anything of special interest. 

In bed H, there was at one spot an immense quantity of small bones of rats, 

bats, lizards, &c., &c., accumulated either by an eddy in 

aabed the small stream, which flowed through the eastern 

passage, or else representing one of the great collections of birds’ castings above 
referred to. 

In bed K, Mr. Henry Foote found the bone gouge above referred to ‘the 

. best specimen of man’s work that was found in the caves.” 
Bone gouge in bed K. «m6 hollow of the gouge is highly polished probably by 
use.” “The cutting edge is gone, but the other edges show distinct marks of hay- 
ing been cut with a sharp instrument. It was found on the north side of the 
cave, about 4 yards from the mouth of the small passage, at a total depth of 15 
feet below the surface.” 
Of bed L, Mr. Henry Foote says ‘‘ it contained a little charcoal at the mouth 
: of the small passage, this being the lowest horizon at which 
Cut stag-horne in bed 7 fonnd traces of man, the depth being 16 feet 6 inches. 
Associated with the charcoal, J found two pieces of stag- 
horns, which present distinctly cut surfaces.”” The one, as already pointed out, is 
cut into something little a rude knife about 5 inches long, or it might possibly 
have been used as a small spear head if the but-end had been fixed vertically at 
the end of a pole. The other piece, which is 62 inches long and much thicker 
and heavier, has the further end distinctly cut on two sides, so that it forms a 
short but thick wedge. The whole piece looking like a rather rude pick-hammer. 
The cuttings are very clear and distinct on both implements. Bed L was the 
most prolific in large bones of any in the Charnel House. Among those found, it 


may be well to specialize a few of the most important. 


Finds in bed A. 


1. The left ramus of the mandible of Portaz pictus, fragment with 4 
teeth (No. 7, 70 L). 
#2. Molar 8 (lower) af P. pictus (No. 9), 
Five incisors (lower) of P. pictue (No. 12), 
Carnasaial (lower) left of Vieerra sibetha? (No. 16). 
Lower left incisor § of Antilope bezoartica, 
Cervical vertebra of Porta pictus? (No. 66). 


> or em © pe 
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7. Olecranon (broken) of Aris maculatus P (No. 57). 
8. Left scapula of 4. maculatus? (No. 64). 
9. Right scapula of Rusa aristotelis (No 68). 
10. Left tibia of Azis maculatus? (No, 32). 
ll. Right tibia ( distal end) of 4, maculatus? (No. 37). 


12. Left calcaneum of ditto (No. 31). 
18, Right femur of ditto (No. 83). 
14. Metacarpal of ditto (No. 43). 
15. Right tibia (distal end) of Rusa aristotelis?P (No. 36). 
16. Left astragalus of . ditto P (No. 30). 


17. Phalanx of Cupra? (No. 1.) 


Bed M was also productive of bones and, in a recess in the side of the small 
passage at its bend, some remains of a large monkey were 
found consisting of a right maxilla with 3 molars and 2 
premolars, the right ramus of the mandible with 3 molars 
and 1 premolar, also a fragment of a left ramus with the canine and 1 pre- 
molar, and lastly a lower left molar (M. 2). All apparently belonged to the same 
individual. 
The other important bones found in bed M were— 


In bed M bones of 
monkey. 


1. Os innominatum (right) of Rusa. 
2. Ditto ( do. ) of Azis. 
8. Femur (right) of Antilope. 

4. Metatarsal (right) of Azis? 

5. Vertebra of a snake. 


The excavation of the beds in the inner-most part of the small passage was 
carried out by Mr. Henry Foote separately, as he found it 
impossible to make out their exact relation to the several 
beds of the cave earth in the outer cave. The cave earth beneath the surface 
(bata’ dung) layer was red and so nearly homogeneous in character, owing to the 
absence of infiltrations of colour, that the division into layers for excavations must 
be considered a purely arbitrary one. The four divisions in which it was taken out 
were termed X, Y, Z, and X!; of which Y yielded a small crocodile’s tooth 
much blackened in colour, and X! the rather broken crown of a very large left 
lower premolar of some ruminant which was most likely that of a bison 
(Gaveous). 


Beds in the passage. 


The most interesting bones Mr, Henry Foote obtained 


Finds in Pargstory from the Purgatory Cave were as follows :— 


Cave. 


1. The right upper carnassial tooth of a feline animal smaller than a tiger. 

2. The right metatarsal bone of a large tiger (Felis tigris) of which the proxi- 
mal end and the under side are wanting but the bone otherwise in good condi- 
tion. 

3. The right tibia of a large tiger, the proximal end wanting. 

4&5. Two phalanges (right) of pes of Felis tigris. Besides these were 
seven or eight molars of different ruminants, large and small, which could not be 
satisfactorily determined, 
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In the case of the Cathedral Cave the most important finds made by 

ee Mr. Henry Foote beside the Rhinoceros teeth and the 

Poss inthe Cathedral tooth and bones of Equus above referred to (page 204) 
‘were— 

1, Aseries of bones of Hystriz (leucurus), consisting of two mandibles and 

sundry molars and incisors belonging to several individuals.) 

2. Two upper molars, four lower incisors, and two lower canines of sus indicus. 

3. A series of bones of Varanus, including 3 maxille and 3 left rami of 

mandible and many vertebre.. 

4, A series of bones of birds of several genera. 

The determination of the animal remains found in the Billa Surgam Caves, 

: so far as has been practicable, shows that the very great 
Pa a majority, if not all the larger animals, belonged to living 
species ; they must therefore be regarded as of pre-historic 
or post-pleistocene age. This result is in accordance with the evidence furnished 
by the bone implements found in the caves, which implements bear a very close 
resemblance to finds made in various pre-historic bone-caves in Europe. The 
stone implements, accompanying the European bone implements, belong to the 
neolithic, or polished, type ; we may therefore very reasonably expect that, 
should stone implements be discovered during the further explorations, they 
will prove to be of the neolithic type. But we may also very reasonably antici- 
pate that in some of the caves only partially explored at present, or in some of 
those still untouched, future explorations may bring to light remains of palso- 
lithic man and pleistocene animals; for it must be borne in mind that palxo- 
lithic man lived in that region and left numerous implements behind him in the 
adjacent alluvium of the Khunder valley. 

The results now communicated may, I believe, be accepted unhesitatingly, as 
very great care was taken both by my son and myself to register exactly the posi- 
tions in which the bones were found. 

I re-visited the caves in the beginning of May to see how the exploration 
was progressing, and was much gratified to find that Mr. Henry Foote had 
organized his band of excavators very thoroughly, so that the work proceeded 
steadily and safely. 

The efficient way in which he carried out the very arduous piece of work 
confided to him fully justified the confidence with which I had recommended 
him to His Excellency Mr. Grant Duff, and will I trust be recognized by the 
authorities. 

In conclusion, I must mention that our work at the caves was rendered much 
less irksome by the great interest taken in it by His Excellency Mr. Grant Duff. 
Our thanks are also due to Mr. W. H. Glenny, the Collector of Kurnool, for the | 
kindly interest he took in the work throughout which greatly helped to make 
things easy in the matter of seouring supplies and labour in a very outlandish 
place. Nor do we forget various acts of courtesy and kindness from the Nawab 
Sahib of Banaganpalli. 

2 Up to the time of the excavation porcupines were constantly trying to colonise the caves, and 


were only repressed by the use of traps built by the villagers of pieces of limestone. As it was, 
a couple of them was caught and killed by the diggers in one of the pits in Purgatory Cave. 
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ADDITIONS TO THE MUSEUM. 
From lst Juty To 30TH SrrTemBeEr 1884. 


Specimens of garnets (Spessartite P) and of the mica schist in which they occur, from Kulu. 
PRESENTED By Cot. G. Gorpon YounG, CoMMISSIONER, |!)HARMSALA, PuNJAB. 


A large piece of Pumice, picked up at Sea, Lat. 8u°S., Lon, 83°E., on 30th November 1883. 

PRESENTED BY Capt, Henry Mayo. 

A specimen of stibnite (antimony glance), and a button of metallic antimony reduced from 
cervantite, an ore of antimony, (SbO, = Sb, 0,+-Sb, O,), from Maulmain, Burma. 

PRESENTED BY W. R. Crrpgr, Esq, 


ADDITIONS TO THE LIBRARY. 


From lst Juty To 30TH SepremMBer 1884. 
Titles of Books. Donors. 
ALBRECHT, Paut.—Sur la valeur morphologique de la Trompe d’ Eustache. 8° Pam. 
Bruxelles, 1884. 
Tue AvrHor. 
rm Sur les Spondylocentres Epipituitaires da Crane. 8° Pam. Bruxelles, 
1884. 
TuE AvTHOR. 
Boras, Grore.—Register zum zweiten band der Palaeontologischen Mittheilungen aus 
dem Museum des Konigl. Bayer. Staates. 8° Cassel, 1884. 
Bronw’s Klassen und Ordnungen des Thier-Reichs. Band V, Abth. II, Lief. 11-12; and 
Band VI, Abth. IV, Lief. 7-9. 8° Leipzig, 1884. 
Corta, BERNHARD Von.—A treatise on ore deposits. Translated from the 2nd German 
edition by F. Prime. 8° New York, 1870. ; 
Davies, D. C.—A treatise on earthy and other minerals and mining. 8° London, 1884, 
Encyclopedia Britannica. 9th edition. Vol. XVII. 4° Edinburgh, 1884. 
Frazer, Persiror.—Tables for the determination of minerals by those physical properties 
ascertainable by the aid of such simple instruments as every student in 
the field should have with him. Revised edition. 8° Philadelphia, 1878. 
Four, J. B.—Sugar production in the Central Provinces. Filsc. Pam. Nagpur, 1883. 
THE AuTHor. 
Green, Samus. §8.—Library Aids. Revised and enlarged edition. 12mo. New York, 1888. 
Mzsszs. Tetsyrer & Co. 
Gresnwoop, Witt1uM Heney.—Steel and Iron. 8° London, 1884. 
Harkness, H. W., and Moors, Justin P.—Catalogue of the Pacific Coast Fungi. 8° San 
Francisco, 1880. 
CaLIFoRNIa AcCapEMY OF Screncr, 
Hgssenbena, Ferepeice.— Mineralogische Notizen. Neue Folge. Heft 5. 4° Frankfurt- 
am-Main, 1868. 
Hit, B. D., and Nevins, Winriztp S—The north shore of Massachusetts Bay: an 
illustrated guide to Marblehead, Salem, Beverly, Manchester-by-the-sea, 
Magnolia, Gloucester, Rockport, Peabody and Swampscott. 6th edition. 
8° Salem, 1883. 
Tue Essex Institore. 
Kognen, A. von.—Beitrag zur Kenntniss der Placodermen des norddeutschen Oberdevon’s. 


4° Pam, Gottingen, 1883. 
Royaz Society, GOrrinGEn. 
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Titles of Books. Donors. 
Laprarent, A. DE.—Cours de Minéralogie. 8° Paris, 1884. 
Lyne, CoarLtes.—The Industries of New South Wales. 8° Sydney, 1882. 
AustraLtiaN Musrvum, Sypney. 
MacSwinneEy, Rosert Forster.—The law of mines, quarries and minerals. 8° London, 
1884. 
Micuart, ALBERT D.—British Oribatide. (Ray Soc.) 8° London, 1884. 
Mossisovics, EK. v., and Nsumayg, M.—Beitriige zur Paldontologie Osterreich-Ungarns und 
des Orients. Band III, heft 4. 4° Wien, 1884. 
PaLEONTOLOGIE Francaise. 1° série. Animaux Invertébrés, Terrain Jurassique. Liv. 
69 and 70. 2™° série. Végétaux, Terrain Jurassique. Livr.33. 8° Paris, 
1884, 
Pro.t1, GrusEPPr.—lI] Porfido del Vallone di Roburent. 8° Pam. Torino, 1884. 
THe AUTHOR. 
PrumMer Hatt, its libraries, its collections, its historical associations. 12° Salem, 1882. 
THE Essex INSTITUTE. 
Portis, ALESSaNDRO, and Prout1, GrusEPPz.—Il calcare del Monte Tabor. 8° Pam. 
Torino, 1883. 
THe AUTHOR. 
Quenstept, Fr. Avua.—Handbuch der Petrefaktenkunde. Auflage III, lief. 16. 8° 
Tiibingen, 1884. 


‘- “3 Petrefaktenkunde Deutschlands. Band VII, Abth. I, heft 5. 8° 
Leipzig, 1884. 
% »  Sonst und Jetzt. Populare Vortriage tiber Geologie. 8° Tiibingen, 
1856. 
Dr. W. Kina. 


Reapr, T, MEettarp.—Chemical denudation in relation to geological time. 8° Pam. 
London, 1879. 


Dr. W. Kina. 

‘ ‘5 Notes on the scenery and geology of Ireland. 8° Pam. Liverpool, 
1879. 

Dr. W. Kina. 


RicHakps, THomss.~—New South Wales in 1881. 2nd issue. 8° Sydney, 1882. 


AvstEaLian Muszvum, Sypney. 
Ripizy, WitL1aM.—K4dmilar6i, and other Australian languages. 2nd edition. 8° Sydney, 
1875. 


AvstzaLiaN Musrom, Sypney. 
Romanis, R.—Report on the Yenanchaung Oil-Wells. Fisc. Pam. Rangoon, 1884. 


Curer Commissioner, BertisH Burma. 
Roscos, H. E., and Scportemmer, C.—A treatise on Chemistry. Vol. III, pt. 2. 8° 
London, 1884. 
Tznison-Woops, J. E.—Fish and Fisheries of New South Wales, 8° Sydney, 1883. 
AvsTraLian Muszsum, Sypwry. 
THomson, Sik C. Wrvib.Ls, and Murray, Joun.—Report on the scientific results of the 
Voyage of H. M. 8. “ Challenger” during the years 1873-76, under the 
command of Capt. George S. Nares and Capt. Frank Tourle Thomson. 
Zoology, Vols. I-VI{I (1880-1883). Narrative, Vol. II (1882). Physics 
and Chemistry, Vol. I (1884). 4° London, 1880-1884. 
Secretary or Strats ror Invi. 
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Titles of Books. Donors. 
VERBEEK, R. D. M.—A short report on the eruption of Krakatan on the 26th, 27th, and 
28th of August 1883. Translated from the original Dutch by I. I. 
Konigs., Flsc. Simla, 1884. 
REVENUE aND AGRICULTURAL DepaRtTMENT. 
Woop, Harere.—Mineral products of New South Wales. 4° Sydney, 1882. 
AvsTRaLian Musson, Syroney. 
Wootts, W.—Plants indigenous in the neighbourhood of Sydney. 8° Sydney, 1880. 
AUSTRALIAN MuszUmM, SYDNEY. 


Zitre., Kart A.—Handbuch der Palwontologie. Band I, Abth. II, lief. 3. 8° Miinchen, 
1884. 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 3° series. Vol. XXVIJI, No. 162, to Vol. XXVIII, No. 
164. 8° New Haven, 1884. 
THe Epritors. 
American Naturalist. Vol. XVUI, Nos. 1-7. 8° Philadelphia, 1884, 
Annalen der Physik und Chemie. Neue Folge. Band XXII, Nos. 6-8. 8° Leipzig, 1884. 
Annales des Mines. 8™° série. Tome LV, livr. 6, and Tome V, livr. 1. 8° Paris, 1883-1884. 


L’aDMINS. DES MINEs. 
Annales des Sciences Naturelles. Zoologie et Paléontologie. 6™° série. Tome XVI, Nos. 
4-6. 8° Paris, 1883. 
Annals and Magazine of Natural History. 5‘ series. Vol. XIV, Nos. 79-80. 8° London, 
1884. 
Archiv fiir Naturgeschichte. Jahrg. L, heft 2. 8° Berlin, 1884. 
Atheneum. Nos. 2955-2967. 4° London, 1884. . 
Beiblatter zu den Annalen der Physik und Chemie. Band VIII, Nos, 6-8. 8° Leipzig, 
1884. 
Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles, 3™° période. 
Tome XI, Nos 3-6. 8° Genéve, 1884. 
Bibliothéque Universelle et Revue Suixse 3”° période. Tome XXII, Nos. 65-66, and 
XXIII, No. 67. 8° Lausanne, 1884. 
Botanisches Centralblatt. Band XVIII, Nos. 10-13, and XIX, Nos. 1-8. 8° Cassel, 1884, 
Chemical News. Vol. XLIX, No. 12831 to Vol. L, No. 1293. 4° London, 1884, 
Colliery Guardian. Vol. XLVII, No. 1224 to Vol. XLVIII, No. 1235, Folio. London, 
1884. 
Das Ausland. Jahrg. LVII, Nos. 23-34. ° Miinchen, 1884. 
Geological Magazine. New series. Decade III, Vol. I, Nos. 7-8. 8° London, 1884. 
Iron. Vol. XXIII, No. 596 to Vol. XXIV, No. 608. Folio. London, 1884. 
Journal de Conchyliologie. 3° série. Tome XXIII, No. 4, and XXIV, No. 1. 8° Paris, 
1883-1884. 
Journal of Science. 3° series. Vol. VI, Nos. 125-127. 8° London, 1884, 
Tae Epiror. 
Jost, Lzoroup.—Botanischer Jahresbericht. Jahrg. IX, Abth. I, heft 2, and Abth. II, heft 
1. 8° Berlin, 1884. 
London, Edinburgh, and Dublin Philosophical Magazine, and Journal of Science. 5 series. 
Vol. XVITI, Nos. 110-111. 8° London, 1884, 
Mining Journal, with supplement. Vol. LIV, Nos. 2546-2558, Folio. London, 1884. 
Nature Novitates. Nos. 10-15. 8° Berlin, 1884. 
Natare. Vol. XXX, Nos. 763-775. 4° London, 1884. 
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Titles of Books. Donors. 
Neues Jahrbuch fiir Mineralogie, Geologie, und Palaeontologie. Jahrg., 1884, Band II, heft 
1-2. 8° Stuttgart, 1884. 

Neues Jahrbuch fiir Mineralogie. Beilage-Band If], heft 1. 8° Stuttgart, 1884. 
Petermann’s Geographische Mittheilangen. Band XXX, Nos. 6-8. 4° Gotha, 1884. 

ss - ss Supplement. No. 75. 4° Gotha, 1884. 
Professional Papers on Indian Engineering. Vol. II, No. 6. Fisc. Roorkee, 1884, 

THomason COLLEGE OF CiIviL ENGINEERING. 


Quarterly Journal of Microscopical Science. New series. Vol. XXIV, No. 95. 8° London, 


1884. 
Zeitschrift fiir Naturwissenschaften. Folge IV. Band III, heft 2-3. 8° Halle, 1884. 


GOVERNMENT SELECTIONS, REPORTS, &c. 
BEn@aL.—The Quarterly Bengal Army List. Nos. 88-89. 8° Calcutta, 1884. 
SUPERINTENDENT, GOVERNMENT PRINTING. 
Bompay.— Chambers, Charles, and F’.—Magnetical and Meteorological Observations made at 
the Government Observatory, Bombay, in the years 1879-1882. 4° Bom- 


bay, 1883. 
BomBay GOVERNMENT. 


Selections from the Records of the Bombay Government. New series. No. 164. 
8° Bombay, 1884. 


399 
Bompay GovERNMENT. 


Barrish Burma.—Annual Report of the Lighthouses off the Coast of British Burma for 
1883-84. Flsc. Rangoon, 1884, 

Curer CoMMIssIONER OF BritisH Burma. 

Inpra.— Blanford, H. F.—Report on the Meteorology of India in 1882. 4° Calcutta, 


1884, 
METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA. 


Meteorological Observations recorded at six stations in India in the year 1884, 
reduced and corrected. February and March, 1884. 4° Calcutta, 1884. 

METEOROLOGICAL REPORTER TO GOVERNMENT oF INDIA. 

Forbes, G.. S.—Note on the Census Report of British India of 1881. Fisc. Simla, 

1884. 


REVENUE AND AGRICULTURAL DEPARTMENT. 
Government of India. Civil Budget Estimate for the year 1884-85. Flsec. Calcutta, 
1884. 
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CoMPTROLLER OF INDTAN TREASURIES. 
List of Officers in the Survey Departments, corrected to Ist July 1884. Fisc., 


Calcutta, 1884. a 
REVENVE aND AGRICULTURAL DEPARTMENT. 


Selections from the Records of the Government of India, Foreign Department, No. 
196. 8° Calcutta, 1884. 
ForEIcn DEPARTMENT. 
Mapras.—Annual Administration Reports of the Forest Department (Southern and 
Northern Circles), Madras Presidency, for the year 1882-83.  F'lsc. 
Madras, 1884. 
Mapras GovERNMERNT. 
Norrn-Western Provinces.—Gazetteer of the Worth-Western Provinces. Vol. XI, Hima- 
Jayan Districts, part 2; and Vol. XIV. 8° Allahabad, 1884. 
GOVERNMENT OF THE Norru-WreteRn Provinces. 
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TRANSACTIONS, PROCEEDINGS, &., OF SOCIETIES, SURVEYS, &c. 


Titles of Books. Donors. 


BaseL.—Verhandlungen der Naturforschenden Gesellschaft in Basel. Theil VII, heft 1. 
8° Basel, 1882. 

Tar Socrrry. 

Brrtin.—Abhandlungen der Konig. Akademie der Wissenschaften, 1883. 4° Berlin, 1884. 

THE AcaDEMY. 

3 Sitzungsberichte der K6nig. Preussischen Akademie der Wissenschaften zu 
Berlin. 1883, Nos. 38-52, and 1884, Nos. 1-17. 8° Berlin, 1883-84. 

Tne Acapemy. 


Zeitschrift der Deutschen geologischen Gesellschaft. Band XXXVI, heft I. 8° 
Berlin, )884. 


¢ Tue Socrery. 
Botoana.—Memorie della Accademia delle Scienze dell’ Istituto di Bologna, 4™° série. 
Tome III. 4° Bologna, 1881. 
THe Acapemy. 
BrisBpanE.—Proceedings of the Royal Society of Queensland. Vol. I, pt. 1. 8° Brisbane, 
1884. 
Tae Society. 
BristoL.—Proceedings of the Bristol Naturalists’ Society. New series. Vol. IV, pt. 2. 8° 
Bristol, 1884. 
Tue Soctiery. 
BRUSSELS.— Bulletin de Ia Société Royale Belge de Géographie. Année VIII, Nos. 1-2, 8° 
Bruxelles, 1884. 
THE Society. 
Bulletin du Musée Royal d’ Histoire Naturelle de Belgique. Tome ITI, Nos. 3-4, 
and III, No.1. 8° Bruxelles, 1883-1884. 


THe Museum. 
Service de la Carte Géologique du Royaume. Texte explicatif de la feuille de 
Bruxelles, de Clavier, de Bilsen, de Natoye, et de Dinant. With maps. 

8° Bruxelles, 1883. 
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Mouskr Rovat v’Hist. Nat. pe Beterquer. 


Bupapgst.—Erlauterungen zur geologischen specialkarte der Lander der Ungarischen 
Krone. Blatt C,, F, and F,,. 8° Budapest, 1884. 
RoyaL Huncarian Grortocicat INstTitTurs. 
Féldtani Kozlény. Ké6tet XIII, fiizet 7-12; and XIV, 1-3. 8° Badapest, 
1883-1884. 


Royvat HunGaRiaAn GEOLOGICAL I[NstrITU TR. 
Jahresbericht der K. U. Geologischen Anstalt fiir 1882, 8° Budapest, 1883. 
Tue InsriturTs. 


Mittheilungen aus dem Jahrbuche der Kin. Ungarischen Geologischen Anstalt, 
Band VI, beft 7-10, and VII, heft 1. 8° cudapest, 1883-1884, 
Tue InstiTvurs. 
BurratLo.—Bualletin of the Buffalo Society of Natural Sciences. Vol. IV, No. 4. 8° Buffalo, 
1883. 


Tue Socrety, 
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Titles of Books. Donors. 
Catcurra.—General Report on the Operations of the Survey of India Department during 
1882-88. Flsc. Calcutta, 1884. 
Survey or Inpta. 
3 Survey of India Department. Notes for January to July 1884, Flisc Dehra 
Dun, 1884. 
Survey or Inpta, 
‘i Journal of the Asiatic Society of Bengal. New series. Vol. LIII, part 2, No. 1. 
8° Calcutta, 1884, 
THe Socrery. 
= Proceedings of the Asiatic Society of Bengal. Nos. 4-6. 8° Calcutta, 1884. 
THE Soctery. 
3 Paleontologia Indica. Series X, Vol. III, part 2, and series XIV, Vol. I part 
3, fasc. 3. 4° London and Calcutta, 1884. 
GroLtogicaL StRVEY oF INDIA. 
“ Records of the Geological Survey of India. Vol. XVII, part 3. 8° Calcutta, 
1884. 
GrorocicaL Survey oF Inpra. 
‘3 Report of the Archeological Survey of India, Vol. XVIII. 8° Calcutta, 1883. 
Home DeparrMent. 
CamBripGr, Mass.—Memoirs of the Museum of Comparative Zoology. Vol. X, No. 1. 4° 
Cambridge, 1883. 
MousrEuM oF CoMPARATIVE ZoonoeGy. 
Cassri.— Bericht des Vereines fiir Naturkunde zu Cassel. No. 31. 8° Kassel, 1884. 
THe Sociery. 
CoPpENHAGEN.—Oversigt over det kongelige danske Videnskabernes Selskabs. 18933, Mo; 3, 
and 1884, No. 1. 8° Copenhagen, 1883-1884. 
THE ACADEMY. 
DrespEn —Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesellschaft 
Isis, Jany. to June 1884. 8° Dresden, 1884. 
Taz Socrery. 
Gorrineen.—Nachrichten von der K. Gesellechaft der Wissenschaften. Nos. 1-13. 8° 
Gottingen, 1883. 
Tue Socrery. 
Hosart Town.—Papers and Proceedings of the Royal Society of Tasmania for 1883. 8° 
Hobart Town, 1884, 
THe Socrery. 
K6niaspEerG.—Schriften der Physikalisch-Okonomischen Gesellschaft. Jahrg. XXIV. 
Abth. 1-2. 4° Kénigsberg, 1883-1884, 
THe Soorery. 
Lavsannt.—Bulletin de la Société Vaudoise des Sciences Naturelles. 2™° série. Vol. XX, 
No. 90. 8° Lausanne, 1884, 
- Tae Soctrery. 
Lonpox.—Catalogue of the Library of the Zoological Society of London. Supplement 
containing additions to August 30th, 1883. 8° London, 1883. 
Tux Socrzry. 
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Titles of Books. Donors. 

Lonpon.— Proceedings of the Zoological Society of London. Part 4 1883; and Part 1, 
1884. 8° London, 1884. 

THe Society. 


‘ Journal of the Anthropological Institute of Great Britain and Ireland. Vol. 
XIII, No. 4. 8° London, 1884. 
Journal of the Iron and Steel Institute. 1883, No.2. 8° London, 1884. 
Tue INSTITUTE. 
Journal of the Royal Asiatic Society of Great Britain and Ireland. New series. 
Vol. XVI, parts 2-3. 8° London, 1884. 
Tas Society. 
Journal of the Society of Arts. Vol. XXXII, Nos. 1647-1659. 8° London, 
1884, 
Tue Socigry. 
Mineralogical Magazine and Journal of the Mineralogical Society. Vol. V, 
No. 26. 8° London, 1884. 
Proceedings of the Royal Geographical Society. New series. Vol. VI, Nos. 5-7. 
8° London, 1884. 
Tux Socrery. 
Proceedings of the Royal Society of London. Vol. XXXVI, Nos. 229-230. 8° 
London, 1884. 


Tae Society. 


Quarterly Journal of the Geological Society. Vol. XL, part 2, No. 158. 8° 
London, 1*84. 
Tue Society. 


Mapgip.—Boletin de la Sociedad Geografica de Madrid. Tome XVI, Nos. 5-6. 8° 
Madrid, 1884. 
THe Socrerry. 
MancuHEsTeR.—Transactions of the Manchester Geological Society. Vol. XVII, parts 
16-18. 8° Manchester, 1884. 
THe Society. 
M ELBOURNE.— Mineral Statistics of Victoria for 1883. Flec. Melbourne, 1884. 
Derrt. of Minzs, Victoria. 


Report of the Chief Inspector of Mines, to the Hon’ble the Minister of Mines, 
for the year 1883. Flsc. Melbourne, 1884. 
Dspt. of Minzgs, Victoria. 


Reports of the Mining Surveyors and Registrars for quarters ending 31st 
March, and 30th June 1884. Flsc. Melbourne, 1884, 
Derrt. of Mins, Victorta. 


Transactions and Proceedings of the Royal Society of Victoria. Vol. XX. 
8° Melbourne, 1884. 


THe Socirrry. 


Mrzano—Atti della Societa Italiana di Scienze Naturali. Vol. XXV, fasc. 3-4, and XXVI, 
fasc. 1-4. 8° Milano, 1883-1884. 
Tus Socrrry. 
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Titles of Books. Donors. 
Monterat.— Proceedings and Transactions of the Royal Society of Canada, for 1882-1883. 
Vol. I. 4° Montreal, 1883. 
Tux Socigry. 
Moscov.— Bulletin de la Société Impériale des Naturalistes. Tome XXXVII, No. 1, and 
LVITII, No. 3. 8° Moscou, 1864 and 1884. 
THe Society. 
NevucHaTEeL.— Bulletin de la Société des Sciences Naturelles. Tome XI, pt. 1. 8° Neucha- 
tel, 1877. 
NEwcastTLe-UPon-TyNnE.—Transactions of the north of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIII, parts 4-5. 8° Newcastle-upon- 
Tyne, 1884. 
Tue INSTITUTE. 
Paris.—Bulletin de la Société Géologique de France. 2™° série. Tome XXXII, No. 4. 
3™° série. Tome II, No. 8, Tome IV, No. 5, Tome VI, No. 8, Tome VII, 
Nos. 4and 7, Tome VIII, No. 4, Tome IX, No. 8, Tome X, No. 7, 
and Tome XII, Nos. 5-6. 8° Paris, 1870-1881 and 1884. 
THE Society. 
PHILADELPHIA,—Journal of the Franklin Institute. 3°4 series. Vol. LXXXVII, No. 6, and 
LXXX VIII, Nos. 1-2. 8° Philadelphia, 1884. 
Tur InstiTUre. 
- Proceedings of the Academy of Natural Sciences. Part I, 1884. 8° 
Philadelphia, 1884. 
Tae AcAaDEMY. 
- Proceedings of the American Philosophical Society. Vol. XXI, No. 114. 
8° Philadelphia, 1884. 
THE SOCIETY. 
- Transactions of the American Philosophical Society. New series. Vol. 
XVI, part 1. 4° Philadelphia, 1883. 
THe Socrery,. 
Rome.—Bollettino del R. Comitato Geologico d'Italia. Vol. XIV. 8° Roma, 1883. 
THE COMMISSION. 
Saint PeterspurG.—Beitrige zur Kenntniss des Russischen Reiches und der Angrenzenden 
Lander Asien. Folge 2. Band VI-VIL 8° St. Pétersbourg, 
1883-1884. 
THe ImperiaL ACADEMY OF SCIENCES. 
s Bulletin de L’Académie Impériale des Sciences de St. Pétersbourg. 
Tome XXVIII, No. 4, and XXIX, No. 1. 4° St. Pétersbourg, 
1883. 
Taz ImprriaL ACADEMY OF SCIENCES. 
‘ Mémoires de L’Académie Impériale des Sciences de St. Pétersbourg, 
Série VII. Tome XXXI, Nos. 9-14. 4° St. Pétersbourg, 1883. 
THE AcAaDEMY. 
zs Bulletin du Comité Géologique. Vol. I[I, Nos. 2-5, 8° St. Péters- 
bourg, 1884. : 
THE ComMISsIon. 


a Mémoires du Comité Géologique. Vol. I, No.2. 4° St. Pétersbourg, 
1884, 


Tux Commission. 
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Titles of Books. Donors. 
SarEM.—Bulletin of the Essex Institute. Vol. XV, Nos. 1.6, and XVI, Nos. 1-3. 8° 
Salem, 1883-1884. 
THE INSTITUTE. 
Saw Francisco— Bulletin of the California Academy of Sciences. No. 1, 1884. 8° San 
Francisco, 1884. 
THe ACADEMY. 


= Memoirs presented to the California Academy of Sciences. Vol. I, parts 
1-2. 4° San Francisco, 1868. 


THe ACADEMY. 
= Proceedings of the California Academy of Sciences. Vol. I (2nd edition) 
and Vols. V-VII, part 1. 8° San Francisco, 1873-1877. 
THEe ACADEMY. 
SPRINGFIELD.—Bulletin of the Illinois State Museum of Natural History. No.2. 8° 
Springfield, 1884. 
Prorrssor A. H. WorrHen. 
StocKHOoLM.—Sveriges Geologiska Undersokning Kartblad. Ser. A.a., Nos. 89-90. Ser. A. b., 


Nos. 7 & 9. Ser. B. b., No. 3. Ser. C., Nos. 53-60. 8° & 4° Stockholm, 
1882-1883. 


GEOLOGICAL SuRVEY oF SWEDEN. 
Sypnery.— Annual Report of the Department of Mines, New South Wales, for 1883. Flsc. 
Sydney, 1884. 

Dept. oF Mines, N.S. WaLeEs. 

‘3 Catalogue of the Library of the Australian Museum, Sydney. 8° Sydney, 1883. 
Tue Musrum. 

: Guide to the contents of the Australian Museum, Sydney. 8° Sydney, 1883. 

THE Mosrvum. 


es Ramsay, E. P.—Catalogue of the collection of Fossils in the Australian Museum, 
Sydney. 8° Sydney, 1883. 
THe Mvusrvum. 
Report of the Trustees of the Australian Museum for 1883. Flsc. Sydney, 1884. 
THE Mosrvum. 
Tortno.—Atti della R. Accademia delle Scienze di Torino. Tomo XIX, disp. 1 and 4-5. 8° 
Torino, 1883-1884. 


Tur AcaDEMY. 


Bollettino dell’Osservatorio della Regia Universita di Torino. Anno XVIII. 
Oblong. Torino, 1884. 


Tux ACADEMY. 


Il primo secolo della R.Accademia delle Scienze di Torino. Notizie Storiche e 
Bibliografiche, 1783-1883. 4° Torino, 1883. 


3% 


THe ACADEMY. 


Memorie della R. Accademia delle Scienze. Série 2. Tomo XXX and XXXV. 4° 
Torino, 1878 and 1884. 


THe ACADEMY. 


Toronto.—Proceedings of the Canadian Institute. Vol. II, No.1. 8° Toronto, 1884. 
Tue Institore. 
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Titles of Books. Donors. 
Venrcr.—Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. Sth series, Vol. VIII, 


Nos. 8-10. 6th series, Vol. I, Nos. 1-3. 8° Venezia, 1881-1883. 
Tue Instirvre. 
Vrenna.—Jahrbuch der Kais. Konig. Geologischen Reichsanstalt. Band XXXIII, No. 4, 
& XXXIV, No.3. 8° Wier, 1883-1884. 
THe Instirvre. 
Verhandlungen der K. K. geologischen Reichsanstalt. Nos. 9-12. 8° Wien, 
1884. 
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Tue InstTitvre. 


WasHinetTon.—Bulletin of the Philosophical Society of Washington. Vol. VI. 8° Washing- 
ton, 1884. 
THE Socizry. 
WELLINGTON.—Transactions and Proceedings of the New Zealand Institute. Vol. XVI. 8° 
Wellington, 1884. 
THE INSTITUTE. 
YoxouaMa.—Mittheilungen der Deutschen Gesellschaft fiir Natur-und Volkerkunde Osta- 
siens. Band III, heft 21-30. 4° Yokohama, 1884. 
THE Soctery. 
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ANNUAL Report oF THE GeoLocican Survey or Inpia, AND OF THE GEOLOGICAL 
Museum, CALcuTtTa, FOR THE YEAR 1884, 


The Peninsula area.—In Southern India Mr. Foote began the season’s work 
a eee eee in continuation of the cave exploration in the Karnul 
Mr. Foote. "District, but in the middle of it he was called upon to 
undertake an exploration for coal along an intended line 
of railway between Hyderabad and the Kistna. Fortunately we were able to secure 
the services of hisson, Lieutenant H. B. Foote, R.A., who had been for some 
time helping his father as an amateur cave-hunter. An interesting preliminary 
account of the result is published in the last number of the Records. It is on the 
whole encouraging; a large number of bones have been secured, some of animals 
that do not now inhabit this region, some human remains and articles of human 
manufacture, the latter at the considerable depth of 16 feet, but nothing to show 
that the caves had ever been used as dwellings or as a place of sepulture. Ar- 
rangements have been sanctioned for carrying on the work during the present 
season, after which a close examination of the whole collections shonld determine 
whether the search is worth continuing. 
The country between Bezvéda and the Singareni coal-field, and from the 
latter to Hyderabad, where Mr. Foote was sent to look for 
Paar ero sad coal, proved, as we expected, to be all of gneissic rocks. 
The only reward for his labour was the discovery of a 
strong lode of rich iron ore close to the Singareni coal-field. An account of the 
traverse is published in the current number of the Records. 
As stated in last year’s report, Dr. King took up work in the series of coal- 
Cusarnisearn coaz- fields on the north-east confines of Chhattisgarh, especially 
BIELDS : with a view to exploration for coal near the line of the 
Dr. King. projected Nagpur-Bengal Railway. The resulis of his 
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survey are published in the Records (XVII, part 3). It would be impossible to 
give any further opinion on the measures until some trial borings have been 
made; they are now being sunk under Dr. King’s direction. 

The promises made in last year’s report regarding the Rewah coal-fields have 


Tas REWAH COAL« been most successfully accomplished. The shafts put 
FIELDS : down on the coal in the Umaria field under Mr. Hughes’ 
Mr. Hughes. 


direction have fully satisfied his expectations, and ener- 
getic steps are now being taken under Mr. Hughes’ management to establish an 
extensive colliery there; and a branch railway from Katni on the Jabalpur line 
is under construction. Mr. Hughes’ whole service (since 1862) has been spent 
on the Gondwana rocks, and it is most pleasing and appropriate that so fruitful 
a practical result should be in a very special manner due to his sagacity and per- 
severance. During last season Mr. Hughes also managed to complete the examina- 
tion of the southern coal-fields of the Rewah Gondwana basin. The total area of 
exposed coal measures is no less than 1,800 square miles. The descriptive memoir 
with maps is now in the press. 
Mr. Jones joined Mr. Hughes in January. He has this season been deputed 
to survey the Pench coal-field on the south side of the Sétpura basin. 
Sub-Assistant Hira Lal gave satisfactory aid to Mr. Hughes in his survey 
operations. He has now been transferred to Dr. King. 
In the past season Mr. Bose took up new ground, in the basin of the upper 
Lower VinpHyans, Méhanadi. He covered a large area, but I regret to say 
CHHATTISGARH : the result is exceedingly unsatisfactory. For his work 
Mr. Bose. in Nimar there was an exeellent sketch survey by Mr. Blan- 
ford to start with, and the rocks presented no structural complications ; Mr. Bose 
has moreover such facility in expressing himself and in setting up a description that 
there was little or no room for the detection of error from a perusal of his report, 
beyond such general defect of scientific insight as I have noticed in the Preface 
to Mr. Fedden’s Kattywar report (Memoirs, XXI, part 2), In Chhattisgarh, 
Mr. Bose had to break ground for himself; and although this is by no means com- 
plicated, his attempt even to understand the problem of the rocks is extremely 
feeble ; his map is no more than a lithological index ; there is a total absence of cri- 
tical observation. In discussing the question of the employment of nutives on the 
Geological Survey of India, I have had frequent occasions to point out that our 
work is essentially scientific research and does not admit of being done by rule, with 
little or no understanding; and that if not within measurable range of modern 
scientific standards it is wortliless; on the other hand I mentioned the fact that 
as yet no single instance had occurred of a native showing himself capable of 
original scientific work, the conclusion being that the Geological Survey was about 
the only branch of the public service in which natives could not as yet reason- 
ably find employment. I fear that Mr. Bose is no exception to this rule, al- 
though he has had the advantage of the best teaching in the scientific schools 
of England. It is quite a Darwinian puzzle. 
Sub-Assistant Kishen Singh mapped a considerable area of Vindhyan rocks 
south of Bandi in R&jputéna, but it would be impossible to make out a present. 
able description of the country from his notes. 
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The extra-Pentnsula area.—Mr. Oldham has sent in full progress reports of 
Ouran Hicks last season's work in the Himalayan region, embracing a 
Mr. Oldham. section from the plains to the base of the main range. In 

the Sub-Himalayan zone the following interesting points 

have been fixed : the re-discovery of one of Colonel Cautley’s most important loca- 
lities for fossils, at the entrance to the Kalawala Pass (Records, 1884, p. 78) ; the 
detection of an unconformity in the upper Siwalik strata east of the Ganges 
(Records, 1884, p. 161), which later in the season he traced in the range west of 
the Ganges ; but chiefly there has to bé noticed a judgment upon the ‘ main bound- 
ary, that of the old rocks at the inner edge of the tertiary zone. This has 
been a very burning question, as may be seen by reference to Mr. Theobald’s 
paper on the Siwaliks (Records, XIV, p. 105); but since the correction by Mr. 
Oldham in 1881 of a certain “ key section”’ near Nahan (Records, XIV, p. 173) 
the particular view taken by me of the main boundary has lost its chief support, 
and the view now offered cannot be forcibly contested. The point is discussed 
with reference to the section in the Nin stream under Mussooree. In the 
original description of that section in 1864 (Memoirs, ITI, 2, p. 128) it is left 
very much an open question whether all the rocks there are not Siwaliks, as 
Mr. Theobald (J.c.) subsequently asserted them to be, and as Mr. Oldham now 
re-affirms. As regards the main boundary, the ‘key’ aforesaid made it a very 
plausible supposition that this feature was an original contact, albeit much disguised 
by subsequent compression and faulting, whereas Mr. Oldham, by showing inver- 
sion of the inner rocks at the boundary, and other fair arguments, makes out the 
boundary to be a faulted synclinal flexure ; though it does not appear that he supposes 
the original limit of the Siwalik rocks to have been far north of the actual 
boundary, so that the change of view is not so great asit might seem. When the 
feature was first discussed the choice seemed to lie between the view then taken 
and sheer faulting (including under this term the reversed faulting along oblique 
plains of fracture in the axes of folded flexures); Mr. Oldham also rejects the 
reversed fault, in its plain form, on account of the absence of the crushing that 
presumably must occur, and adopts “the supposition of a faulted synclinal fiexure 
in which the disturbance of the original relations has taken place mainly by the 
older rocks being pushed up over the newer, according to Professor Heim’s theory, 
rather than by an actual shifting of the opposite faces of a fissure.” The dis- 
tinction, in words, is not obvious; and it is very difficult to imagine the process, 
seeing that the rocks on either side of the dividing plain retain their respective 
structures ; but somehow such contacts are brought about with little or none of the 
grinding action that would seem inevitable. Another very interesting point is 
the discovery of an outlier of Siwalik sandstone resting on crumpled slates in a low 
hill north-east of Dehra. With the single exception of a case noticed by Mr, 
Mallet in the Bhutén Dudrs (Memoirs, XI, p. 44) it is the only observation of a 
base-rock within the true Sub-Himalayan zone. The absence of any older tertiary 
beds here is particularly interesting, as almost necessarily implying their extensive 

upheaval and removal before the Siwalik period. 

Among the vastly more complex rocks of the higher hills the changes intro- 
duced are more extensive, The series of formations described in Jaunsdér (Records 
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XVI, p. 198) is somewhat altered and greatly amplified, and bronght into 
relation with those of the Simla region. The following is Mr. Oldham’s summary 
of conclusions :— 

1.—That the Simla and Jaunsér sections are not related to each other, but 

that except for some possible exposures of the Krol in Jaunsfr the rocks 
on either have no represertative on the other. 

2.—That the Simla section does not represent a conformable sequence, but 

that between the infra-Krol and the Blaini there are interposed (else- 
where) at least two formations, and two unconformable breaks. 

3.—That the Deoban and Krol limestones are not the same, but that the former 

is much older than the latter, 

4.—That the Mandhaéli series is older than the infra-Krol (but newer than the 

Deoban). 

5.—-That the Deoban limestone is newer than the Blaini. 

6.—That the Blaini is newer than the lower-Chakrata. 

7.—That the series which last year were provisionally and doubtfully grouped 

together as Lower and Upper Chakratas must be separated as belong- 
ing to different formations. 

8.—That the Bawars are but a special form of the basement beds of the 
infra-Krol. 

9.—That the Panjdél conglomerate occurs in this region, and it is not the 
representative of the Blaini. 

It would be unreasonable to expect that all these announcements should be 
immutable; Mr. Oldham is certainly right in attempting free-hand tentative 
groupings, and all are based upon local evidence of variable validity. 

Those acquainted with it will be glad to see that the primitive series of the 
Simla section is not much interfered with at home. The Krol limestone, Krol 
quartzite, and infra-Krol carbonaceous shales still remain the highest groups of 
the lower Himalayan rock series; and the several groups (Baéwar, Mandhéli, 
and Deoban) separating them from their constant neighbour of the Blaini stream 
are not said to occur here. The discovery of a second conglomerate will greatly 
reduce the duties of the hitherto seemingly ubiquitous Blaini; and a second strong 
limestone band to take the place of the Krol in certain places, as in the Shéli 
mountain north of Simla, is distinctly a relief. Mr. Oldham gives ample strati- 
graphical observation to confirm Colonel McMahon’s petrological arguments that 
the ‘ central gneiss’ of the Chor and some other places is truly a granite; still 
I find a ‘central gneiss’ at the base of the new table of formations; and this 
too is satisfactory ; it would be almost preternatural that such an immense file 
of geological records should have no archwan foundation. Itis lamentable to have 

to record that still not even the ghost of a fossil has been seen in these rocks. 

I have given Mr. Oldham’s results somewhat at length, becanse they may not 
be immediately published in original, the exigencies of our Indian service having 
made it desirable to depute him for the current field season to the Andamans 
with the Topographical Survey party, for which special arrangements have been 
made, and such an opportunity might not occur again inourtime. Mr. Oldham’s 


experience in Manipur (Memoirs, Vol. XIX) at the starting point of this region 
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of disturbance, may give him some clue to the correlation of the rocks in those 
island outliers, 

Mr. Middlemiss joined Mr. Oldham in January ; he has this year been started 
on independent work in Garhwal. 

Colonel McMahon has now completed his elaborate microscopical studies 
of a large series of Himalayan rocks, proving among 
other interesting results the eruptive character of certain 
pseudo-gneissic rocks of the Dhuladhar, the Chor, and other localities. Mr. 
Oldham’s recent determination of the undoubtedly intrusive relations of this rock 
in the Chor is a satisfactory conclusion of this enquiry. Colonel McMahon’s 
description (Vol. XVII, p. 104) of the extreme metamorphism, amounting to 
proximate fusion, of the quartzites of the ridge at Delhi, is an interesting indica- 
tion upon the history of the Arvali rocks. 

In connection with Himalayan geology it is not out of place to notice a study 
of the mountain system of the Himalaya presented in 


Colonel Mc Mahon. 


HirmaLtavaNn Moun. 


TAIN SYSTEM : Colonel Godwin-Austen’s address as President of Geogra- 
oe Ces Coser: phical Section of the British Association Meeting of 1883, 
Usten, 


supplemented by a map and sections with notes published 
by the Royal Geographical Society (Proceedings, 1883, p. 610). If the views 
given had been mere geographical delineations they would not havecalled for 
attention, as being suitable to the audiences addressed ; but the essay isa lauda- 
ble attempt to forestall time by introducing to topographers rational concep- 
tions of mountain structure, and thus geology is necessarily introduced. Unfor- 
tunately, however, the author is not himself quite emancipated from the ideas he 
would subvert. These may be indicated as a mistaken conception of unity based 
upon an unnatural assumption of continuity, Of this kind is the extension of 
the extinct axes of the Himalayan range into connection with the gneissic 
mass of Afghanistan. The confusion is the same as it would be to ignore the 
separate members of a compound organism; there may be homology, but the 
forced continuity leaves out of count conspicuous and essential structural characters. 
Again, to make the Pir Panjal and the Dhuladhér continuous with the Chor 
mountain of the Simla region, is about the same as it would be to confound the tail 
of a vertebrate animal with its limbs. These errors have been pointed out before 
( Records, XV, p. 6). 
In last year’s report I mentioned the completion of Mr. Griesbach’s rapid 
Tus CenTRAL Hima- Survey of the Hundes region, and that his observations 
LAYA: there had been connected with those of Stoliczka in Spiti. 
Mr. Griesback. I had then to explain the postponement of any fuller 
notice of the work owing to Mr. Griesbach’s urgent deputation to accompany the 
expedition to the Takht-i-Suleman. Subsequently to this, while making some 
connecting observations on the North-West Frontier, he was taken seriously ill 
at Kohat, in consequence of which it was necessary that he should spend the 
hot season in the hills, and while at Simla, he managed to get appointed to 
accompany the Afghan Boundary Commission. Had I been in India, I should 
probably have succeeded in having some other officer deputed for thisduty. No 
doubt the best use that can be made of Mr. Griesbach is for the superficial kind 
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of work that is alone possible in those expeditions, and his admirable skill in 
drawing is a special qualification for such work, nevertheless the further post- 
ponement of the account of his Himalayan observations, begun in 1879, should 
have been avoided. His maps were fully prepared before he left, and are now 
being reproduced for publication ; a large number of illustrations are also ready, 
but the descriptive text has not yet been sent in, and it cannot be fitly prepared 
away from sources of reference. 

The details of Mr. Griesbach’s observations in the Suleman hills have recently 
been published (Volume XVII, part4). They give fresh 
illustration of Mr. Blanford’s remarks regarding the preat 
variability of the cretaceous and eocene deposits of that 
region. As regards the newer formations two unexpected points are noteworthy. 
The object of Mr. Blanford’s last exploration on that frontier had been to connect 
the tertiary series of Sind, which he had so carefully worked out, with the tertiary 
series of the Sub-Himalayan region; and although an actual tie with previous 
work to the north was not effected, it was thought, as stated in my last annual 
report (Vol. XVII, page 7) that the main object had been attained, for in the 
northern part of his ground, on the flanks of the Suleman, Mr. Blanford 
found established a section that fairly represented that known to the north— 
the marine eocenes surmounted by the neogene Nari and Siwalik groups, believed 
to be fresh-water deposits, and all in apparent conformable sequence, the two 
marine groups, lower Nari and Gaj of Sind, having disappeared (Memoirs XX, 
page 159, e¢ seq.). This conclusion is however apparently upset by Mr. Gries- 
bach’s observations in the intervening ground to the north: a sandstone full of 
marine fossils is confidently identified (J. c., page 189) with Mr. Blanford’s upper 
Nari sandstone, and the upper tertiaries are only represented by the Siwalik 
conglomerates resting in total unconformity on the lower tertiary marine beds. 
It is very unsatisfactory that Mr. Griesbach does not himself notice these discre- 
pancies, as is usual in such cases to give some sign that he was aware of their 
importance ; he had a proof copy of Mr. Blanford’s report with him in the field. 

Some ores, especially a chromite, received from the Andamans, and the 
accounts sent with them, made it desirable to have a pro- 
fessional opinion upon the deposits. Mr, Mallet was deput- 
ed for this purpose, and the result of his examination is 
published in the Records (XVII, part 2). The block from which the specimen 
of chromite had been taken could not be traced to any mass in situ; and as this 
mineral in minute crystalline grains was found disseminated in the serpentinous 
rock of the neighbourhood, it may be presumed that the large block was only a 
local segregation. An opportunity occurred for Mr. Mallet to visit Barren Island 
and Narcondam. His account of these interesting volcanic sites is now ready for 
press. 

Early in the season Mr. LaTouche accompanied the expedition into the Aka 
Axa Hitts awp Lay- Hills, north of Tezpur, in Assam. The dense vegetation 

GEin CoaL-FIELD. prevented any observation of the rocks except in the stream 

Mr. LaTouchs. courses. The section was found to correspond with 
that observed in the Daphla Hills to the east by Colonel Godwin-Austen, aad 


THE TAKHT-I-SULE- 
MAN, 


Tus ANDAMANS: 
Mr. Maile. 
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as described by Mr. Mallet in the Bhutén Duédrs to the west. Inside the ter- 
tiary zone there is a belt of carboniferous Damuda strata, bordering the 
schistose rocks of the higher hills. Here, too, the coal is so crushed as to be unser- 
viceable. There was some little delay in the preparation of a map; it will be 
published shortly with Mr. LaTouche’s notes. Later in the season Mr. La- 
Touche examined the Langrin coal-field on the south-west edge of the Garo 
Hills. His report with a map is published in the Records (XVII, part 3). This 
field offers an abundant supply of very fair coal easily accessible on the very 
borders of the plain of Sylhet. 

A. very instructive discussion of geological homotaxis is given by Mr. W. T. 
THe HoMOTaxiIs of -—«lanford in his address as President to the Geological 
InpIAN FoRMATIONS; Section of the British Association in its last meeting at 
Mr. W. 1. Blanford. Woontreal. It is mainly illustrated from Indian geology, 

and is so important a contribution to this subject that it has been reprinted in 

the current number of the Records. Numerous instances are given of the dis- 

crepan cies that occur 1n the correlations of rocks as based upon their terrestrial 

fauna and flora, or upon a marine fauna, the latter giving much more comparable 

results. The former of course maintain all their special interest, but it is very 

necessary to know upon which kind of evidence the correlation of any strata had 

been based. Mr. Blanford would somewhat modify the significance of the term 

homotaxis as introduced by Professor Huxley in 1862. That was, to give 
expression to the following statement :—‘‘ For anything that geology or paleonto- 
logy is able to show to the contrary, a Devonian fauna and flora in the British 
Islands may have been contemporaneous with Silurian life in North America, and 
with a Carboniferous fauna and flora in Africa.”' These terms of course includ-. 
ed the marine fauna; but while granting such conditions to be possible for a 
terrestrial fauna or flora, Mr. Blanford considers that the marine fauna would 

give a much nearer approximation to synchrony. He says:— It appears to me 

that at the present day the difference between the land faunas of different parts 

of the world is so vastly greater than that between marine faunas that if both 

were fossilised, whilst there would be but little difficulty in recognising different 

marine deposits as of like age from their organic remains, terrestrial and fresh. 

water beds would in all probability be referred to widely differing epochs, and that 

some would be more probably classed with those of a past period than with 

others of the present time.” 

The same subject of homotaxis is discussed by Mr. Oldham in the Journal of 
the Asiatic Society of Bengal for 1884 (Part II, p. 187). 
He illustrates from our Indian palwontological researches 
the highly discrepant results of correlations in time from fossil evidence, specially 
the palwobotanical, and the insuperable failure of any approach to determination 
of synchrony among distant formations. This is introductory to an attempt 
to establish synchronous relations of distant formations through the evidence of 
periods of glaciation, the ground chosen being the same, as containing well- 
known boulder deposits, the Talchirs of India, the Hawksbury beds of Australia, 


Mr, Oldham. 


1 Quar. Jour., Geol. Soc., Vol. XVIII, p. xlvi, 
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and the Karoo boulder bed of South Africa. Such a distribution of presumably 
synchronous glaciation, Mr. Oldham suggests, “ points towards the conclusion that 
in early secondary times the crust of the earth did not occupy the same position 
with respect to the axis of rotation as it does now.” The contention is well 
supported by arguments needed to account for the distribution of the cognate 
terrestrial fossil fauna and flora of the regions in question. Some years ago a 
suggestion was made to use the last glacial period as a geological chronometer to 
fix the age of the Indian post-tertiary deposits; and then too the proposal was 
elicited by a flagrant abuse of the homotaxis method of correlation, losing sight 
of the actual in the relative (supra, Vol. VII, p. 97, note). 

Publications.—Two Memoirs were published during the year—~Mr. Bose’s on 
the Lower Narbada Valley between Nimdwar and K4éwant, and Mr. Fedden’s 
on Kathiawér, each with a map of the country described. They form parts 
1 and 2 of Volume XXI. The work was contemporaneously noticed in previous 
annual reports, and some general remarks on both will be found in the preface to 
the part 2, part 1 having been fully printed off before I returned from leave. 

The Records for the year contain numerous articles of interest, several of 
which have been referred to above. 

In the Palewontologia Indica, five parts of series X, the Indian Tertiary and 
Post-Tertiary Vertebrata, by Mr. Lydekker, were published during the year. 
They form a very worthy addition to this most valuable part of our publications, 
For the general advancement of geological science, paleontological researches are 
certainly the most interesting and important, and at present they are imade- 
quately provided for in the allotment of our resources. 1 would be impossible 
for one palwontologist to overtake all the work on our undescribed collections of 
fossils, even if one man could do justice to so wide a range of studies. I hope to 
be able to effect a temporary diversion of some funds to bring up arrears of work 
in this branch of our business. 

In continuation of his work on the fossils of the Salt-Range, Dr. Waagen fur- 
nished last year two parts (Nos. 3 and 4) of the Brachiopoda of the Productus- 
Limestone. They exhibit the same exhaustive study as heretofore. To the 
superficial criticism of some naturalists, Dr. Waagen might seem to lay himself 
open on the score of minute specific distinctions, but he abundantly justifies his 
method on biological and paleontological grounds. No doubt, as he says himself, 
more abundant material may lead to the modification of his grouping, but there 
is a strong presumption that the principie will hold good. However one might be 
satisfied for purely biological results to exhibit the links of variation in a few de- 
velopmental sequences of species and genera, geological history will require the 
process to be applied throughout. Dr. Waagen gives numerous instances in which 
those slightly distinguishable forms are characteristic of different stratigraphical 
horizons. His final discussion of the fauna of the Productus-Limestone should 
form an interesting chapter on the vexed question of homotaxis. 

A large fasciculus of Series XIV, with eighteen admirably-executed plates, was 
issued early in the year, For this series, descriptive of the tertiary and upper- 
cretaceous fossils of Sind, taken up four years ago, we are so far indebted to the 
generous labours of Professor Martin Duncan, latterly aided by Mr. Percy Sladen, 
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It is the beginning of what must one day become the most extensive part of the 
Paleontologia, that dealing with the tertiary marine fauna, and the most interest- 
ing as more fully bearing upon the living fauna of the Indian seas. 

Museum.—As specified in the Records for May, several contributions of ores, 
rocks, and other geological specimens were obtained from the International Eixhi- 
bition held in Calcutta early in this year. The principal presentations were from 
the Minister for Mines, New South Wales ; the Minister for Mines, Victoria; and 
the Tasmanian Commissioner. Some of these were in return for Indian geo- 
logical specimens previously sent to Australian Museums by the Survey, and for 
the rest a proper return was made on the occasion. 

Library.—The additions to the library were 1,608 volumes or parts of volumes, 
742 by purchase and 866 by donation or exchange, The printing of the Cata- 
logue was just completed within the year, for which accomplishment I have 
again to express obligation to the conscientious industry of our librarian, Mr, 
W. R. Bion, for thoroughly checking the entries and correcting the proofs. 
Excepting books received after passing the sheets of the Catalogue for press, the 
following figures represent a rough inventory of our library at this date: total 
volumes, 13,205 ; of which 9,236 come under the heading of Serials, including the 
publications of Societies, as well as Magazines and official reports; of the re- 
maining 3,969, 1,015 are marked in the Catalogue as pamphlets, 

Personnel.—Dr. Feistmantel was absent throughout the year. Mr. Hacket 
returned from furlough on the 18th of November and resumed his field work in 
Rajputéna. Mr. Medlicott was absent on special leave for six months, during 
which time Dr. King acted as Superintendent of the Survey. Mr. Mallet took 


six months’ furlough from May to October, during which time Mr. Fedden 
officiated as Curator of the Museum. 


H, B, MEDLICOTT, 


Superintendent, Geological Survey of India. 
CaLcurra, 


The 20th January 1885. 


List of Societies and other Institutions from which Publications have been received 


in donation or exchange, for the Inbrary of the Geological Survey of India, 
during the year 1884. 


AmstTERDAM.—Netherlands Colonial Department. 
BaseL.—Natural History Society. 
Batavia.—Batavian Society of Arts and Sciences, 
<5 Director of Instruction. 
Bzrum.—German Geological Society. 
ss Royal Prussian Academy of Science, 
Botoena.— Academy of Sciences, 
BomBay.—Bombay Branch, Royal Asiatic Society. 
Boston.—American Academy of Arts and Sciences. 
* Society of Natural History, 
Brispane.— Royal Society of Queensland. 
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BrisToL.—Bristol Museum. 
_ Bristol Naturalists’ Society. 
Bruss&Ls.—Geological Society of Belgium. 
3 Royal Geographical Society of Belgium. 
” Royal Malacological Society. 
» Royal Natural History Museum of Belgium. 
Boparest.—Royal Geological Institute, Hungary, 
Bournos Arres.—National Academy of Sciences. 
BurraLto.—Society of Natural Sciences. 
Ca.tccrra.—A pricultural and Horticultural Society. 


- Asiatic Society of Bengal. 
- Meteorological Department, Government of India. 
Survey of India. 


Cawsnrvce. —Philosophical Society. 
CamBripat, Mass.—Museum of Comparative Zoology. 
CasseL.— Society of Natural History, 
CHRISTIANIA.-Editorial Committee, Norwegian North Atlantic Expedi- 


tion. 
‘ Norwegische Comm. der Europiischen Gradmessung. 
» Royal University of Norway. 


CopennaGEeN.—Royal Danish Academy. 
Disra Don.—Great Trigonometrical Survey of India. 
DrespENn.—Isis Society. 
EDINBURGH.—Royal Scottish Society of Arts. 
GLascow.—Geological Society. 
» Glasgow University, 
- Philosophical Society. 
Gorrincrn.—Royal Society. 
Hatis.—Leopoldino Academy. 
99 Natural History Society. 

Hosart Town.—Royal Society of Tasmania. 
KOniessuRG.—Physikalisch-dkonomische Gesellschaft. 
LavsaNne.—Vandois Society of Natural Science. 

LIvERPOOL.—Geological Society. 
‘5 Literary and Philosophical Society. 
Lonpon.—Geological Society. 
‘a Iron and Steel Institute. 


oi Journal of Science. 
5 Linnean Society. 


a Royal Asiatic Society of Great Britain and Ireland. 
-_ Royal Geographical Society. 
5 Royal Institute of Great Britain. 
” Royal Society. 
9 Society of Arts, 
Zoological Society. 
Mapisow -Superintendent, Public Property. 
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Mapras.—Meteorological Department. 
Maprip.—Geographical Society. 
MancHeEster.—Geological Society. 


- Literary and Philosophical Society. 
MELBouRNE.—Department of Mines and Water Supply. Victoria. 
s Geological Survey of Victoria. 
3 Royal Society of Victoria. 


Mitan.—Italian Society of Natural Science. 
Montreat.—Geological and Natural History Survey of Canada. 
os Royal Society of Canada. 
Moscow.—Imperial Society of Naturalists. 
Muxicu.—Royal Bavarian Academy. 
Newcast.e-on-Tyne.—North of England Institute of Mining and Mechanical 
Engineers. 
New Haven.—American Journal of Science. 
Paris.—Geological Society of France. 
ee Mining Department. 
PENZANCE.—Royal Geological Society of Cornwall. 
Pertra.—Commissioner of Crown Lands, 
PHILADELPH!a.—Academy of Natural Sciences. 
5 American Philosophical Society. 
Franklin Institute. 
Pisa.—Society of Natural Sciences, Tuscany. 
Rome.—Camera dei Deputati. 
Fe R. Accademia dei Lincei. 
zs Royul Geological Commission of Italy. 
RoorkeE.—Thomason College of Civil Engineering. 
SacramMENnto.—California State Mining Bureau. 

St. PerersBure.—Geological Commission of the Russian Empire. 

‘ Imperial Academy of Sciences. 

Satem, Mass.— American Association for the Advancement of Science. 

- Essex Institute. 

San Francisco.—California Academy of Sciences. 
S#ancual.—North China Branch, Royal Asiatic Society. 
Srncapors.—Straits Branch, Royal Asiatic Society, 

S pRINGFrLELD.—Geological Survey of Illinois. 

3 Illinois State Museum of Natural History. 
StockHotm.—Geological Survey of Sweden. 
Srraspura.—Royal University Library. 

Sypney.—Australian Museum. 

33 Department of Mines, New South Wales. 
- Royal Society of New South Wales. 
Toxk10.—Seismological Society of Japan. 
Toronto.—Canadian Institute. 
TurIn.—Royal Academy of Sciences, 
VENICE. — Royal Institute of Science. 
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Vienna.—Imperial Academy of Sciences. 


= Imperial Geological Institute. 
WasHINGToN.—Philosophical Society. 
ae Smithsonian Institute. 
3 United States Geological Survey. 
WELuinaton.—Colonian Museum. 
+ Geological Survey of New Zealand. 
- New Zealand Institute. 


Yoxouama.—Asiatic Society of Japan. 
German Naturalists’ Society. 
Yors,— Yorkshire Philosophical Society. 

The Secretary of State for India. 

The Governments of Bengal, Bombay, Madras, North-Western Provinces and 
Onodh, and the Punjab. 

Chief Commissioners of Assam, British Burma, and Central Provinces. 

The Commissioner of Northern India Salt Revenue. 

The Resident at Hyderabad. 

The Comptroller of Indian Treasuries. 

The Superintendent of Government Printing, India. 

The Superintendent of the Government Central Museum, Madras. 

Departments of Finance and Commerce, Foreign, Home, and Revenue and 
Agriculture. 


Notes on the Country between the Singareni Coal-field and the Kistna River by 
R. Bruce Foots, F.G.S., Deputy Superintendent, Geologicul Survey of India. 
(With a map). 


The immediate opening up of the Singareni coal-field having been under consi- 
deration by the Government of India, I was deputed to examine the unsurveyed 
country in the valley of the Muniéru (Moonyair) river in the hope of finding 
further outliers of the Barakar rocks, the Indian carboniferous series, between 
the Singareni coal-field and Bezwada, as the existence of other coal-fields might 
greatly influence the selection of the line of country to be traversed by the railway 
to connect the Singareni coal-field with Bezwada, the central point in the great 
canal system connecting the whole of the Godavari and Kistna deltas with 
Madras, and the terminus of the new Bellary-Kistna State Railway. 

The limits of the previously unsurveyed tract which I examined in carrying out 

_ this duty are, to the south the Kistna river; to the west 
Baar = area here the boundary of the Kadapa rocks, and further north the 

left bank of the Muniéru; to the easta line coinciding with 
the eastern edge of Atlas-sheet 75; to the north a line running from the Muniéra 
eastward to the edge of sheet 75 a little to the southward of Khammamett. To 
the north of this line lies a considerable tract extending up to the Singareni coal- 
field which had been partly examined by Mr. King and of which I completed 
the survey. 
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The geological formations met within the area thus defined belong to the 

. ; following four divisions :—I. The Gneissic rocks; Il. The 

it da renee Kadapa or Transition rocks; III. The River Alluvia; 
IV. Subaerial Formations and Soils. 


I—The Gnerssic Rocks. 


As will be seen from the map, the gneissic rocks of the Muniéru (Moonyair) 
ty ee valley are extensions of the great granitoid and schistose 
Brel parses of the bands seen south of the Kistna river and shown in the 
little sketch map given in my memoir on the geological 

structure of the eastern coast.! 

The gneiss rocks of the Kistna district show two great bands of granitoid 
rock divided in the southern part of the area by a much narrower band of 
schistose beds. In the northern part of the area, however, the schistose beds 
extend considerably to the eastward whereby the eastern granitoid band is in- 
terrupted and apparently overlaid by tbis eastward extension of the schists, 
Whether this overlapping of the schistose beds over the granitoid really takes 
place or not, has not as yet been proved, but as it is believed on fair grounds to 
take place in the southern parts of these great bands in the Nellore district, it 
may for the present be assumed also to take place in the Muniérnu valley, and 
the separate patches of granitoid gneiss lying to the northward of the continuous 
band may pro. tem. be treated as inliers in the schistose area. The two grani- 
toid bands and the intermediate schistose band have to the south of the Kistna 
a, general strike from south-west-by-south to north-east-by-north, which continues 
till they cross that river and then commences to trend to due north and then to 
north-north-west. In the neighbourhood of the Singareni coal-field the strike 
becomes less constant for a distance of 4 or 5 miles, but then trends north-5°-east 
and continues so till the edge of the overlying Kadapa and Gondwana rocks. 

The eastern of the two granitoid bands forms the mass of the very 
picturesque Kondapalli (Condapilly) hills, as also the 
broad plain stretching from the foot of the hills past 
Juzzur (Joodjoor) westward nearly to the east bank of the 
Wyra river. To the northward the granitoid rocks extend under the alluvium 
of the Gumplagudum stream (the principal tributary of the Wyra) and run 
north and north-west-by-north for another 9 or 10 miles, when it is cut off by the 

oe east extension (? overlapping) of the schistose rocks 
eee a above referred to. North of this spread of schistose rock, 

at a distance of between 4 and 5 miles, lies the first of the inliers also 
referred to above. It is of elongated elliptical form (in plan), and extends 
some 12 or 14 miles to the north-west-by-north with a maximum breadth of 
5 miles in its southern half. The apices of the ellipse are rather pointed. 
By far the greater part of its area lies on the western side of the Wyra river. 
For convenience of reference it may be called the Gollapudi inlier from the 


The eust granitoid 
baud. 


1 On the Geological Structure of the Eastern Coast from lutitude 15° northwaid to 
Masolipatum, by R. Bruce Foote, F.G.S,&c. Memvirs, Geological Survey of ludia, Vul. XVI, 
1830. 
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principal village lying near its centre. The northern inlier which lies 4 miles 
cays! north of the Gollapudi inlier is in plan avery broad 

Chinta Kurti Ini, val about 4 miles long by 3 in maximum width, 
but its boundaries are much hidden by jungle. lt may be conveniently called 
the Chintakurti inlier from the village of Chintakurti (Chintakoor of map) which 
stands a good mile to west of the position given to it in sheet 75. 

Except close to the Kondapalli range of hills, this band of granite gneiss 

ee has been planed down by erosive forces to a very level 
Bassists alg ae surface, relieved in but very few places by low hilis and 

a few great piles of tors and rounded masses, Of the 
hills, the Juzzur (Trig. Station) hill and the Kondakedimay (Trig. Station) on 
the eastern side of the southern inlier, and a low but bold rocky ridge on the 
western side of the inlier, a little to the north-east of the village of Nangielay- 
gondah, are all that need be noted. 

A large low ellipsoidal “ whaleback” exposure of the granite gneiss occurs 
on the high ground north-east of Gollannapad (nearly in the centre of the 
southern inlier) and is, from its position and light colour, a very conspicuous 
object. 

A rocky pile surmounted by an enormous tor forms a very striking object at 
the north-east extremity of the great tank east of Maddiré (Muddera). 

The western granite gneiss band may be conveniently designated the 

The western or Nan- Nandigama (Nundyganah)-Khammamett band from the 
digama Khammamett two principal towns which stand upon it. It crosses the 
granitoid band. Muniéru (Moonyair) valley near Pennagranchiprol, 10 
miles north-by-west of Nandigama (but that part of its course was not exam- 
ined). Its southern part is bounded by the overlying quartzite beds at the 
base of the Kadapa rocks of the Jaggayapetta (Batavole) basin, but further 
north it shows a considerable westerly extension; it was only examined along 
the east side of the Muniéru valley. Its eastern boundary for a distance of 
more than 25 miles is formed by a narrow strip of Kadapa rocks which are 
faulted to the eastward against the median band of schistose gneiss befcre 
referred to. 

The southern part of this band of granitoid gneiss forms a low rolling 

plain, the surface of which is almost everywhere marked 
at LE hap dykes by a thick layer of cotton soil, but in the central and 

northern parts the surface becomes much more broken 
and the extensive spreads of regur have been replaced by the gritty reddish 
loam derived directly from the decomposition of the rocks below. Protrusions 
of rock over the surface are seen on every hand, and much of the country can 
Only be described as rugged. Besides the protrusions of the granite gneiss 
there are many long-stretched low ridges of barren rock formed by trap dykes 
which around the town of Khammamett forma perfect net-work that would 
offer no small obstacle to the construction of a railway. Northward of Kham- 
mamett the surface of the granite gneiss band becomes less rugged. To some 
extent this may only be apparent, for the country here is much leas bare of wood 
than to the south. 
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Although the surface of this granite gneiss band is much more broken and 

rugged in the northern Khammamett half than in the 

= bodied of the southern half or than in any part of the Juzzur band, very 

few of the eminences on it rise high enough to deserve 

the name of hills. Inthe southern part there is but one hill, the Cuddabode 

Trigonometrical Station, on the very edge of the Kadapa basin 9 miles north-west- 

by-west of Nandigama. The Cuddabode is about 200 feet high, and shows a very 
fine mass of great rocks around its summit. 

A low hill consisting of great tor-like masses piled one over the other occurs at 
Mushti Kuntla (Mooshty Koontta) on the high road (as shown on the map) 
leading from Maddiré (Muddeera) to Khammamett. Another low hill of very 
typical rounded shape forms the Sitarampett Trigonometrical Station hill 4 miles 
to the north-west-by-west. Various low but very typical granite gneiss hills ron 
along the western side of the Muniéru valley, but these did not come within 
the range of my survey. The highest and most conspicuous hillin the granite 
gneiss band is that on which Khammamett fort has been built. I estimate it at 
about 300 feet high above the surrounding country over which it commands a 
very extensive panorama. A rather lower hill, showing some good tors on its 
summit, lies about a mile north of the fort. 

A small rocky ridge consisting of a very uncommon variety of horn. 
blende-micaceous rock is to be seen at the north-eastern corner of the great 
tank north of Jastipalli (Jausteepully) 14 miles north-east-by-north of Kham- 
mamett. 

As far as my observation went, the predominant character of the granitoid 

rocks is hornblendic ; micaceous varieties however do occur 
apeairet palace of here and there, and in some cases both hornblende and 

mica occur together in the same mass. LEpidote in the 
form of pistacite, is a frequent constituent of the granitoid rocks, e.g., in the 
Juzzur Trigonometrical Station hill where it forms a very handsome rock of 
dark greenish-black colour relieved by light pinkish spots and streaks due to 
the quartz and felspar. A very handsome salmon-coloured and black variety is 
seen in some large tor-like masses which form a little inlier within the area of 
the Kistna alluvium about a mile east of the Kanchakacherla travellers’ bangalow 
on the Bezwada-Hyderabad high road. 

Much pistacitic granite gneiss occurs at Mushti Kuntla (Mooshty Koontta) 14 
miles south-south-east of Khammamett, also in the bed of the Muniéru at the 
ford on the road to Warangal. Thisis a beautiful pale-green and pink variety, 
which has in places been much polished by the river current, and shows its capa- 
bility for furnishing a splendid ornamental stone. 

The general colour of the rock in the western band is greyish and its texture 
mostly very coarse. 

Included boulder-like masses of older hornblendic rock are common in places. 

Very few quarries are to be found, and as the great rounded weather-beaten 
masses are frequently impracticable to an ordinary geological hammer, much less 
information as to the composition of the rocks could be collected en passant than 
in more civilised regions where quarries are numerous. 
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Noteworthy varieties of the granitoid rocks in the two inliers are massive 
hornblende rocks often of highly trappoid aspect, but not occurring as dykes; 
nor as far as could be seen as intrusive masses. These cover considerable areas 
in the two inliers; indeed, they seem to constitute the mass of the Chintakurti 
inlier. In the Gollapudi inlier they occur around Khauwapuram (on the Wyra) 
and westward nearly as far as Gollapudi. 

The median band of schistose rocks lies in its southern portion chiefly on 
the left (or eastern) bank of the Muniéru, Northward 
of the junction of the Muniéru with the Wyra the schis. 
tose band is confined to the tract between the two rivers. 
Its western boundary is here hidden by the alluvium of the Muniéru to opposite 
Pennaganchiprol, where the granite gneiss of the western band comes in. 
Beyond this to the north the boundary between the schistose band and the 
western granitoid band is hidden by the superposition of a long narrow strip 
of Kadapa rocks which runs northward for more than 25 miles. To the north- 
ward of this outlier of Kadapa rocks the two bands of gneiss must be in ap- 
position, but no section could be found showing their actual contact. 

No eminence deserving of the name of hill occurs on the surface of the schis- 
tose gneiss band in its southern part, and very few in 
the central part. In the latter attention may be drawn 
to the rocky hill 7 miles north-by-east of Maddiré (Mud- 
deera), which rises between 200 and 300 feet above the plain ; to the low rocky hill 
a mile east of Pengol (edge of sheet 94) which will be described further on. 
Also to the low ridge on which stands the Pedda Gopatty Trigonometrical Station 
9 miles south-east-by-east of Khammamett. The magnetic iron beds forming 
this ridge will be described further on. 

The schistose gneiss area immediately south of the Singareni coal-field, which 
is a northerly continuation of the schistose band before described, contains 
numerous gneiss hills which may also be referred to, though they do not lie within 
the limits of the unsurveyed tract mapped by me. The principal hill in this 
quarter is the Gobugurti (Goboogoorty) Trigonometrical Station, which rises 
some 600 or 700 feet above the surrounding plains and forms a nucleus whence 
radiate some five or six lower jungle-covered ridges, To the east of the Gobugurti 
group of hills is the Ballapett (Bullapett) Trigonometrical Station hill and 
several other rocky or jungle-covered gneiss hills not shown in the map. South- 
west of the Gobugurti hill is a small detached hill marked in the map (sheet 75) 
as ‘““H, Tree,” while to the north-west of the extreme spur of the Gobn- 
gurti mass lies the Irlapndi Trigonometrical Station hill, a bold mass of horn- 
blendic gneiss some 500 to 600 feet high. 

The other hills to the west and north of Gobugurti hill belong to the transi- 
tion or Kadapa rock system, and will be referred to when dealing with those rocks. 

The more general variety of gneiss met with in this median band is a horn. 

ccna. <<k: kie blendic variety which is frequently intercalated between 
aihtetoee band: bands of micaceous gneiss of varying character. Some of 
them are very highly micaceous and almost deserving to 

be ranked as mica schists. Richly felspathic forms are uncommon. 


The schistose gneiss 
band. 


Orography of the 
schistose gneiss band. 
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Massive beds are occasionally met with, which are of such coarse texture and 
80 obscurely bedded as to approximate very closely to typical granite gneiss. As 
a rule, however, the most massive beds in the schistose bands are very distinctly 
bedded, no matter how coarse their texture may be. 

The beds in the southern parts of the schistose band offer nothing of special 
interest, and exposures of the rock are not numerous, nor do they afford any 
good sections, the face of the country being mostly much obscured by great 

- spreads of cotton soil. The most noteworthy outcrops 

poe Ga nbeds of net with were some fairly rich beds of magnetic iron 

which form a couple of low ridges, on the south-western 

of which stands the Pedda Gopatti Trigonometrical Station (9 miles south-east 

of Khammamett). Unlike the magnetic iron beds in Nellore and Salem and 

other parts of the south, the grains, flakes, and crystals of magnetite are imbed- 

ded in schistose hornblendic instead of in granular quartzose lamine, with inter- 
vening hornblendic lamins of very schistose character. 

The amount of magnetite included in the ferruginous lamin» is sufficiently 
great to form a fairly rich ore, but I did not notice any indications of the ore 
having been mined in those parts of the beds which I examined. The iron beds 
stretch away a considerable distance to the southward, and it is not improbable 
that they are connected with a bed of similar hornblendic magnetite schist which 
is exposed for a few square yards on a small red knoll lying about half way 
between Naugilaygondah and Prodatur-Agraharam (Agrarum). The northward 
extensions of the Pedda Gopaitti iron beds are lost sight of a very little distance 
beyond the north end of the ridges. 

If the infra-position of the granitoid gneiss to the schistose band be assumed 

Relat} .. to be true, there is no difficulty in understanding its rela- 

ations of the schis- ; : 

tose gneiss extension to tion to the tract of schistose gneiss already referred to, 
a A eastern granitoid which lies between, and to the east of, the Maddiré 
(Muddeera) end of the Juzzur granitoid band and its 

northerly re-appearances, the Gollapudi and Chintakurti inliers. The schistose 
spread in that case is simply a survival (if the term be allowable with regard to 
inanimate objects like rocks) of part of the overlying schistose series which has 
there escaped complete erosion, probably because it lies in a hollow. If the 
hypothesis of the infra-position of the granitoid series should be disproved by 
subsequent observations, then the relative positions of the two series of rocks can 
only be explained by supposing the metamorphic forces to have acted with far 
greater intensity in certain tracts than in other adjoining ones. This variation in 
intensity of the metamorphic forces may have been largely assisted by the original 
differences in texture and mineral composition of the original sedimentary 
deposits acted upon. It is quite conceivable, indeed very probable, that coarse 
thick-bedded gritty sediments wonld assume a muh more massive structure under 
the influences of metamorphic agencies than fine-grained sandstones or shales 
which would retain a schistose appearance. The presence of small patches of 
granitoid gneiss within the general area of the schistose variety may very likely 
be safely explained by assuming them to have been local deposits of very coarse 
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texture, which were exceptionally affected by the metamorphic changes under- 
gone by the whole mass of rocks. 

The rocks which occur in the eastern extension of the schistose band are 

. chiefly hornblendic and micaceous gneisses, varying from 
se ra the eastern nearly massive to highly schistose varieties. None of any 
special interest were noted. 

The only schistuse rocks which deserve separate notice are a few beds of 
magnetic iron of very small size (from 6 inches to 14 feet thick) which occur on 
the eastern boundary of the area under consideration, between the villages of 
Pengol and Utur, both situated in an outlying portion of the Nandigama 
Taluq (Kistna district). They are but little exposed, though a good deal of 
debris derived from them is scattered over the surface. 

Two or three small beds of similar character and size occur about 5 miles 
to the north. The ore is in all cases of fair quality, but the quantity is too small 
to give the beds any importance. They did not appear to have been ever worked. 

To the schistose series I reckon from their position some beds of granular 
quartz rock of precisely the same character as those 
forming the many remarkable bare ridges round the towns 
of Madura and Tinnevelly. These beds form a low broad rise beginning imme- 
diately north of the large village of Pengol (see page 16) and extending for 2 or 3 
miles north-north-east. The granular quartz rock is frequently exposed, but only 
in low flat sheets in which the bedding is badly seen, while the extensive scrub 
jungle covering much of the rise helps to make the lie of the beds still more obscure. 

A more instructive display of very similar granular quartz rock occurs a little 

to the south-east just within the limits of the count 

i ala aca shown in sheet 94. Here a low rocky ridge rises abet 
a plain covered with red soil, and shows the bassett edge of a great bed run- 
ning south-south-west to north-north-east, with a dip of 40° to 45° east. The 
quartz is (where freshly broken) of pale pinkish-white to pale reddish-brown 
colour and nearly diaphanous. It includes many minute and a few large brilliant 
spangles of reddish-grey specular iron. Where weathered the surface of the 
quartz rock is often covered in small patches with reddish-brown lateritic films. 
A direct connection between these granular quartz beds and those to the north- 
eastward of Pengol doubtless exists, but want of time did not allow of my 
tracing it out. 

Further north the eastern spread of the schistose band is to a very great 
extent marked by great spreads of cotton soil, and the few outcrops, chiefly of 
hornblendic gneiss that are met with, are of no special interest. 

After crossing the road leading from Khammamett to Kullur the country 
begins to get hilly and broken and the spreads of cotton 
soil disappear, but the rocks are here much hidden by 
jungle. The mass of hills forming and surrounding the 
Gobugurti Trigonometrical Station consists of great beds of hornblendic and 
micaceous gneiss in frequent alternation. To the north- 
west of the Irlapndy Trigonometrical Station hill a large 


Granular quartz rocks. 


Rocks north of Kham- 
mamett-Kullar road. 


Crystalline limestone. 
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bed of grey crystalline limestone intercalated among beds of hornblendic gneiss 
which have a local strike from west-by-south to east-by-north with a high 
southerly dip. The limestone cannot be much less than 50 fect thick. Further 
north still, and about half a mile east of Kamapulli, is a medium-sized bed of 
magnetic iron of rather poor quality running north-north-east and dipping 60° 
east. 

No connection was traced, though it may very likely exist under the surface 
soil between this bed and a very large and important bed 
of magnetic iron which commences about 2) miles to 
the north and continues thence for fully 3 miles till it 
runs under the overlying mass of the Kadapa rocks at a point only about half a 
mile west of the edge of the southern boundary of the Singareni coal-field. As 
this bed of magnetic iron is traced northward from its southern extremity, it 
increases in thickness by the appearance of other beds above and below it till at 
last it forms the mass of a considerable hill some 150 feet high just under the 
parallel of 17° 30' North. ‘The iron-beds may be traced along the valley north of 
this hill for about half a mile when they rise again and form a considerable 
ridge 250 to 3U0 feet in height by estimate. The ore in these beds is very rich in 
quality and really appears to have been placed here by nature, in order that an 
iron industry might arise as soon as the coal measures close by are mado to yield 
up their carbonaceous treasures. As the line of rail coming from Bezwada could 
with the greatest ease be carried close along the foot of these ridges, every faci- 
lity exists for bringing the ore and fuel together at some handy spot, while the 
great limestone beds of Kadapa age, which occur at no great distance to the 
east and west of the coal-field would furnish an inexhaustible supply of flux for 
the smelting works. 

The only intrusive rock occurring in any notable quantity is dioritic trap, 
dykes of which are numerous in some parts, as the middle 
part of the Muniéru valley. All as far as my observation 
went are dioritic and mostly of medium coarseness of texture. Many are of con- 
siderable size, 50 to 60 feet or more in thickness, and from their superior 
hardness stand out well over the surrounding granite gneiss. Their surfaces 
have weathered into a very “blocky ” condition, and fallen masses almost every- 
where mask their contact with the granite-gneiss. Some of the ridges rise as 
much as 50 or 60 feet above the surrounding country. The most southerly of 
all the trap intrusions noted is the most important and of such size that it can- 
not be classed as a dyke proper. It lies about 5 miles north-west of the junc. 
tion of the Kistna and Muniéru, and immediately south of the village of Thora- 
lapadu (Thoralapandoo). The intrusive rock is a diorite differing in no way 
from that in the true dykes of the neighbourhood. The trap mass extends for 
rather more than 3 miles southward, and is not less than a mile across near the 
middle. Unfortunately it is overlapped all round by a very thick and continuous 
sheet of regur which completely hides its boundary, and no contact with the gneiss 
around it was traceable. 

All the trap intrusions noticed are, judging by their petrological aspect, to be 


The Singareni iron 


Intrusive rocks. 
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reckoned as belonging to the great series which was injected into to the gneissic 
rocks prior to the deposition of the Kadapa or Transition rock system. 

Granite veins are very rare and small both in size and length. The same 
may be said of true quartz veins, none of noteworthy size were met with. 

Of brecciated quariz reefs such as play such a prominent part in the Cudda- 
pah and Anantapur districts, and elsewhere, only one example was seen. This is 
a rocky ridge, about $rd of a mile in length, about 2} miles west-north-west of 
- Juzzur, It has a course from south-east-by-south to north-west-by-north. The 
peculiar brecciated or quasi-brecciated character of the reef is well seen on the 
pale greenish-white rocks which form the crest of the ridge in its northern part. 


II.—The Kadapa or Transition Rocks. 


Frequent reference has been made in the foregoing pages to the several outliers 
of the Transition rocks which occur in the Muniéru valley and which by their 
position prove that the two great basins of rocks of that age which exist in the 
lower valleys of the Godavari and Kistna respectively were once united. Four of 
these outliers were mapped, and another is known to exist in the very jungly coun- 
try south-west of the Junjurlagutt Trigonometrical Station hill. This latter 
outlier could not be mapped, as owing to the rough and jungly character of the 
country it would have required several days’ work, which could not be spared 
because of the pressure of more important work. Starting from the south the 
outliers are:— 


1. Ragavapur (Raugavapoor) Trig. Station Hill. 

2. Pallagiri Hill. 

3. Jennel Gudda Hill. 

4. Shernavala ridge. 

5. Mucherla (Moocherla) Trig. Station Hill (anmapped.) 


1, The Ragavapur Trigonometrical Station Hill is a bare steep Hill which rises 
some 500 feet above the valley of the Muniéru and 574 feet 
above sea-level. It consists of two or three great beds of 
quartzite varying in texture from coarse grit to a fine jaspideous quartzite, which 
is very slightly hsmatitic, and here and there of reddish colour. The quartzite 
beds are separated by micaceous or argillo-micaceous schists of silvery-grey, 
greenish-grey, and red colours, the latter being of various shades. The beds have 
been considerably contorted. At tke south end the quarizites show a low easterly 
dip; at the little gorge in the ravine which scores the east side of the hill, they 
are slightly inverted or vertical ; while at the Trigonometrical cairn near the north 
end they begin to curve round westward in a strongly marked curve which looks 
as if its continuation would join the beds in the Pallagiri hill. No continuation is 
however visible in the valley between the two hills which is filled with the sandy 
alluvium of the Munitru. The dip of the quartzite beds close to the Trigono- 
metrical cairn, and just where the westward curve commences, is from 40° to 
45° east. It is quite clear from the position of these beds with reference to the 
gneiss, which appears very near to the eastern foot of the hill, that the Kadapa 


Ragavapur hill outlier. 
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rocks are the remains of a long anticlinal fold faulted down against the gneiss on 


the east. 
2. The Pallagiri Outlier. 


The structure of Pallagiri hill is very similar to that of the Ragavapur hill, 
and it is very probable that it is formed of the same series 
of beds, for in mineral character the Pallagiri beds agree 
closely with the Ragavapur beds, especially in the character of the quartzites, 
which vary locally from distinct coarse grit to very fine close-grained jaspidean 
schists. The dip of the beds is about 55° east, and there can be no doubt that 
here also the boundary is faulted down against the gneiss. 

The gritty character of the original sandstone is very clearly revealed in parts 
by the action of weather, and may be made out even in unweathered parts by 
careful macroscopic inspection. The true water-worn rounded surfaces of the 
individual grains are quite clear. 


Pallagiri hill. 


3. The Jennel Gudda Outlier. 


Jennel Gudda, 6 miles north of Ragavapur hill, is a round-topped steep-sided 
hill which throws out a couple of diverging spurs to the 
east and north-east. In plan the mass of the hill represents 
a strangely compressed horse-shoe, the sides of which form ridges which slope 
down slowly in the first half of their course and then steeply till they end in small 
bluffs which seem to indicate the position of the line of fault by which these 
Kadapa beds are thrown down against the gneiss. The actual boundary is not 
seen owing to thick soil. The ridges are formed by rather thick beds of quartzite 
separated into two series by micaceous and argillaceous schists. Tho uppermost 
beds on the hill stratigraphically are a very ferruginous argillite schist which 
hes in the valley between the two quartzite ridges. This is so bright a red in 
colour in parts that it is dug out to be used as reddle. 

The northern extremity of the outlier is hidden under thick cotton soil, but 
may be traced for some distance northward as a low and steadily decreasing ridge 
forming the watershed locally between the Muniéru and the Wyra. 


Jennel Gudda hill. 


4. The Shernavéla Outlier. 


The ShernavAla outlier is the long narrow strip of Kadapa rocks which runs 
for a distance of 25 miles nearly parallel with the course 
of the Muniérnu at a distance of from 3 to 6 miles, For 
the greater part of the distance it forms the watershed between the Muniéru and 
the Wyra. I have called it the Shernavdla outlier because it was close to the 
village of that name that I first came upon it, and that the very remarkable qnuart- 
zite breccia which there occurs at the base of the limestones enabled me at once to 
recognise the rocks as belonging to the Kadapa system. The southern end of the 
outlier lies 8 miles north-north-west of Jennel Gudda hill, and is formed by two 
small rocky hills showing strong outcrops of quartzite. The beds trend north-west 
for about a mile, and north-west-by-north for another mile, they then run 
north up to the Shernavdla Trigonometrical Station. This southern part of the 


Shernavala ridge. 
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ridge is very low and much obscured by cotton soil and low but thick jungle, so 
that the eastern boundary is very difficult: to make out. Near to Shernavéla the 
ridge rises again and stands from 40 to 60 feet above the granite gneiss tract to 
the west, but to the east it slopes down almost imperceptibly to the schistose 
gneiss band. 
The rocks seen at the Shernavdla Trigonometrical Station are highly cherty 
blue limestones which are underlaid by a remarkably fine- 
ti oe ne Bie grained jaspideous quartzite breccia of rich reddish, 
yellowish, and brown tints. The breccia seems to be 
merely local deposit, and is wanting in many sections both north and south of 
Shernavala station. Underlying the breccia is a micaceous schist which might 
belong either to the Kadapa series or the gneiss, but I could not satisfy myself 
which series to assign it to. 
North of the Shernavala ridge the outcrop sinks down a good deal but rises 
Letchmapur hill againa couple of miles further on in the Letchmapur Trigo- 
; nometrical Station hill. The limestone beds which seem to 
be continuous all along the west side of the band shows in great force around the 
Letchmapur hill. The limestone is grey in colour, cherty, and greatly contorted 
and vandyked. The dark variety of limestone occurring here shows a decided 
blue colour when freshly broken. Overlying the limestone are beds of micaceous 
argillite with here and there small beds of limestone. Small lenticular inclusions 
of the same rock are numerous. The limestones are generally sub-crystalline, 
but sometimes really crystalline. The argillite beds which are of dark- 
greenish or bluish-green grey colour roll about a good deal, but have a 
general dip to the east. The eastern boundary is not seen at Letchmapur, 
owing to a great accumulation of kankur mixed with debris of the jaspideous 


breccia and limestone. 
North of Letchmapur the surface of this strip of Kadapa rocks is much 
obscured by cotton soil. 
At Narrainaypolliam (site of an abandoned village) the transition beds show 
very slightly, being traceable only by slight outcrops of quartzite. 
At Kodamur highly cherty limestone with some ferruginous brecciated cherty 
ie sdaciasuedtion: quartzite forms a narrow rocky ridge 50 or 60 feet high 
above the surrounding country, To the north of the 
village the ridge rises considerably and joins the group of low hills which lie 
eastward of Khammamett, and here the outlier attains its greatest width of about 
2 miles. The hills consist of rather shaly quartzites with 
arse east of Kham- merous beds of limestone in the valleys between. The 
rocks in the western side of the band show some exten- 
sive contortions, but on the eastern side they have the normal easterly dip towards 
the faulted boundary. Considerable contortion of the quartzite beds is also 
visible still further to the north near Ragunadhapuram. North of Ragunadha- 
puram the base of the Kadapa rocks is again formed of 
ime PA =—imestones, butin this'base they are very little altered and 
almost lithographic in their very fine and close texture. 
They are fairly thick-bedded and mostly of giey colour. They appear to be over- 
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laid by quartzites, but tire did not allow me to explore the thickly wooded hills 
lying between the limestone beds and the Chintakurti Trigonometrical Station. 


5. The Mucherla Outlier. 


This outlier consists of quartzites forming the crest and south face of the ndgo 
which runs north-eastward from the Mucherla (Moocherla) Trigonometrical Sta- 
tion. The beds are cut off abruptly at their western extremity, and there is certainly 
no connection between them and the quartzites on the Chintakurti hill 5} miles to 
the south-west-by-south, the whole intervening space being occupied by gneixsic 
rocks, The quartzites appear to extend further castward across the valley 
drained by the headwaters of the Wyra and to join the hills north and north- 
east of Mudlapad which contain numerous bands of quartzite. A bed of sub- 
crystalline limestone is exposed to the west of the smalltank north-west of Mudlapad, 
and traces of ferruginous quartzite breccia are very numerous in the talus along the 
south foot of the hills. The hills are thickly covered in most parts with low 
tree jungle, and it is only when quite close to them that their petrological dis- 
tinction from the neighbouring gneiss hills becomes apparent. This is especi- 
ally the case at their eastern extremity. 

The plain immediately south of these hills consists of gneiss with various ( 
beds of massive hornblende rock against which the quartzites are unquestionably | 
faulted down. As before mentioned, want of time prevented my working out 
the details of this interesting outlier of the Kadapa rocks. Itis I believe sepa- 
rated from the main spread of the Godavari basin of the Kadapa rocks by a con- 
siderable fault running nearly north and south, a little to the west of Junjurlagutt 
Station hill, 

ITT. The River Allusa. 

But little can be said of the river alluvia, that of the Kistna excepted, no 
features of special interest having been worked in connection with them. 

The alluvium of the Muniérnu is generally very sandy, as might be expected 
from a river draining so large an area occupied by highly 
siliceous rocks. Nearits mouth, however, the banks and 
small islands in it consist mainly of dark silts formed of 
washed up cotton soil. 

The Wyra, which through the greater part of its course drains a regur 
covered country, shows much dark silt in its banks, 
but here and there, as for instance just below its junc. 
tion with the Gumplagudem stream, there are considerable shows of sandy 
alluvium. The valleys of the headwaters of the Wyra contain considerable 
deposits of loam, often with much kankar, resting upon or intercalated with beds 
of coarse shingle. 

Much attention was paid to the gravels in the dry beds of all the rivers and 
streams in order to ascertain whether any debris of the 
carboniferous rocks might be contained in them which 
might help one to trace out the localities where outliers of the Gondwana rocks 
might occur, but no outliers were discovered by this mode of search. It was very 
remarkable how very few pebbles of the various Gondwana sandstones and of the 


Alluvium of the Mun- 
ieru. 


Of the Wyra. 
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softer members of the Kadapa rocks were to be found in the streams after the 
first few hundred yards below their original sites. All the softer masses of stone 
seem to have been speedily reduced to sand by the violent action of the streams, 
which only flow sufficiently to move the debris in their beds when swollen by 
heavy rains, but then become furious torrents. No organic remains were noted 
in any of the alluvia. 

The most important alluvial deposits within the area now under consideration 

are those lying on the left bank of the Kistna along what 
; Pies idee gravels say be conveniently defined as the Amaravati (Umara- 
wutty) reach of the river. These deposits consist of 
sandy shingle beds which have in many places been worked for diamonds. No 
workings were in progress at the time of my visit, though large areas of the shingle 
beds have not been turned over as yet. From enquiries I made from the people 
at Mugalur and Partial (Purtyall), I believe that the diamond industry is crushed 
by the heavy royalty levied and by other absurd restrictions imposed by certain 
people at court in Hyderabad. There is certainly no geological reason why the 
undisturbed gravels should not be as rich in diamonds as the positions of the same 
beds explored in past’times. That the old workings were held to be of consider- 
able value is evident from the fact of their having been retained by the Nizam 
when the Guntur circars were made over to the Hast India Company. 

The shingle consists mainly of quartzite which has been very highly water 
worn. The number of gneissic pebbles occurring in the shingle is very small, 
while agates and trap pebbles derived from the Deccan Trap are of great rarity 
in the sections examined. 

The gravels lie at considerable levels above the river, but it is almost impos- 
sible to trace their upper boundaries because covered by great cotton soil spreads. 


IV. Sub-Aérial Formation and Sorts. 


The sub-aerial formations met with were very few and mostly of small extent 
and interest. Ferruginous pisolitic gravel is scattered in small quantity over the 
surface of the red soils where they are richly ferruginous and in the proximity of 
magnetic iron beds and of the hematitic granular quartz rocks, e.g., of Pengol hill 

ae (see page 18). The dark-brown to bluish-black often botry- 
Fs arr at Naa oidal incrustations of the outer surface of parts of the jas- 
pideous breccia in the Kadapa rocks, especially on the knoll 
south of Shernavdla Trigonometrical Station, and at Kodamur (54 miles south- 
east of Khammamett) are due to weather action on small reniform masses of 
dense limonite (brown hematite) enclosed in the rock. The same action, but on 
a much larger scale, has taken place in some of the brecciated quartzites in the 
Mucherla outlier and in a breccia bed close to the boundary of the Kadapa rocks 
where crossed by the road leading from Singareni town to the centre of the coal- 
field near Yellindellapad, the cementing medium in these cases is red hematite, 
rich enough to have been used as an ore by the native smelters. 
Small deposits of carbonate of lime in the shape of vermicular or nodular 
Kankar deposits kankar are common enough, as they are in all tracts where 
; hornblendic rocks are abundant. Only one locality was 
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noted where the kankar deposit was sufficiently extensive to attract attention. 
This was to the west of Rajawarrum (43 miles north-east of Maddiré). 

Only two classes of soil are represented in this region—the red and the black. 
Of these the black occupy nearly all the southern and 
eastern central parts of the country south of Khamma- 
mett and the hills to the east of it, these parts being open and approximately 
level. Wherever hills rise in the plain, or the surface is rngged and broken, red 
soil puts in an appearance. This is markedly the case along the western side of 
our area, where the granitoid rocks have a rough and broken surface. Very fow 
patches of cotton soil occur here. 

No spreads of soda or white soil were observed. 


Soils. 


Geological Sketch of the country between the Singareni Coal-field and Hyderabad, 
by R. Bruce Foorr, F.G.8., Deputy Supermmtendent, Geological Survey of 
India. (With a map.) 


The geological data here given were gathered while carrying a broad tra- 
verse from the Singareni Coal-field westward to Hyderabad, in order to ascertain 
whether any outliers of the Barakar or Indian carboniferous rocks occurred in 
that tract, the presence of which might influence the choice of direction for the 
new railway to be constructed between Hyderabad and Warangal. 

The examination of the tract in question unfortunately dispelled the hope 

Existence of coal-mea- of finding any outliers of the coal-measure rocks west- 
sures disproved. ward of the Singareni coal-field. 

The whole large tract included in this traverse was found to consist of bands 
of granitoid gneiss of slightly varying characters overlaid only by the local allu- 
via of the various small rivers traversing the country or by unimportant sub- 
aerial deposits of very recent character. Of intrusive rocks a considerable 
number of trap dykes were mapped, but many were not followed up through the 
extensive scrub jungles for want of time. 

The country is, as a rule, open and undulating, but rocky hills both isolated 
and in small groups are not unfrequent, and some of them 
rise boldly out of the plain to a height of from 500 to 800 
feet. Smaller hills are numerous, as are also great rocks 
and tors as well as low broad ‘‘ whaleback”’ eminences, which afford a good look- 
out over the surrounding country, But for these frequent eminences a far 
greater time would have been requisite to enable one to acquire anything like a 
good idea of the country, as over great tracts the scrub jungle is just high and 
thick enough to shut out the view even when traversed on horseback. The 
jungle is not thick enough, however, to hide the character of the country when 
overlooked from an elevation of a few score feet or so, and the numerous rock ex- 
posures show up well, even when flat, or nearly so, because of their light 
colour and generally more or less glistening surface. The latter quality often 
makes them conspicuous at a distance of several miles. 


Physiography of the 
tract examined. 
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The shape of the area covered by the traverse may be described roughly as 
a scalene triangle whose shortest side corresponds with the 
course of the Muniéru river for 6 miles northward from 
Khammamett and then for nearly 40 miles with the course 
of the Garlah, its principal northern tributary, the longer sides stretching away 
to Hyderabad with distances of 96 and 105 miles respectively. 

The country east of the Garlah had been examined by Dr. King, who 
had also made a traverse from Khammamett to Warangal wid Biravol (Beeroal), 
Murrypuddah, Nelli Kudru (Nelly Koondrso), and Kothoor, thus extending the 
known tract for a considerable distance northward of the triangular area of my 
traverse. 

All the drainage of the triangular area falls into the Kistma by the Munieru, 
the Paléru (Pallair), and Mussi (Moosy) and their res. 
pective tributaries. The Mussi is the only one of these 
rivers which has a pretty constant flow, but even it in the hot and dry months 
often shows a perfectly dry bed for reaches of several miles in length. This is 
doubtless due in very great measure to the absence of anything like real forest. 
Even in the most jungly tracts along and east of the upper courses of the 
Muniéru the thin jungle, which as Hyderabad is approached dwindles to mere 
stunted scrub or disappears altogether, is utterly inadequate to shelter the 
surface against the vertical rays of the sun in the hot season. In its present 
condition most of it may be described as an arid country cursed by large flocks 
of goats. Inno other part of South India have I seen so strong a tendency to 
consume all the cattle manure as fuel,—a fact which attracted the notice of more 
than one of my Madrassee servants. 

It has been already pointed out that many hills, some in groups and some 
quite isolated, rise from the surface of the granite gneiss 
tract here dealt with. The principal of these may be 
enumerated, as they afford fixed points for reference in a country where many 
of the villages do not now hold the same importance that they did when Atlas 
sheet No. 75 was originally constructed. They may be advantageously considered in 
groups, as far as possible, some of them hardly belonging to any one group because 
lying too far apart from any others. 

The most important of these groups in the eastern part of the area under 

; consideration may be called the Kandi Konda group from 
Kandi Konds group. 4.0 bill of that name which lies a little south-east of the 
intersection of the meridian of 80° East by the parallel of 17° 80’ North latitude. 
To the north-west-by-north of Kandi Konda lies a considerable number of detach- 
ed rocky hills rising out of the extensive but thin and low forest which here covers 
the whole face of the country. These hills all show, more or less, the typical 
rounded outlines of granitoid masses or equally typical bold rocky masses crowned 
in many places by great tors. In the northern part of the group Bali Konda and 
the two hills immediately north and south of it are the most lofty and striking. 

Kandi Konda itself is a fine hill, rising 800—-900 feet or more above the plain. 
It is crowned by a small temple (the “‘ Pagoda Station” of sheet 75), and was 
formerly fortified, as shown by three or four ruined gateways one has to traverse in 


Shape of area covered 
by traverse. 
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ascending and by a series of cisterns, partly natural, partly artificial, a little below 
thesummit. These contained a good supply of water evenin April. The hill was 
evidently of some importance formerly, as it has given its name to the taluq' in 
which it stands. From the summit of the hill the beds of granite gnciss composing it 
are seen to trend southward to the lower hills near Hydershaipetta on the Munieru, 
In the’ western part of the group the principal hills are the Narasimhapetta 
Pagoda hill, west of Kuppelvoy, and the Butchurazpully hill which lies 5 miles 
south-south-west of Kandi Konda. The continuation of the group south of the 
Muniéru shows two very bold and picturesque hills the Goniguth (Trigonometrical 
Station) and the Jallipalli (Jullypully) Drug hill, each of them showing an ap- 
proximately conical mass towering 600—700 feet above the plain around. The 
other hills which lie round Murrypuddah and Pindipol are much lower. 

South of the Kandi Konda group, but hardly to be reckoned to it, is Jetty- 
gonta Trigonometrical Station, a rather remarkable pile of 
huge tors. Nine miles west-south-west of this hillis the 
Urlagondah Trigonometrcial Station, a fine bold hill rising some 500 fect or more 
out of the plain over which it commandsa very extensive panorama remarkable for 
the great number of low flattish exposures of rock which show through the red soil 
here prevailing. The light colour of the rocks and their shining surfaces produce 
an effect unlike anything I have seen elsewhere in granite gneiss districts. 

About 20 miles west-by-north of Urlagondah lies a small group of bold rocky 
hills which I will call the Arwapalli (Arwapully) group 
from the Arwapalli hill, a stationof the Trigonometrical 
Surveyors which is the most important and highest mass in the group. Itisa 
fine bold mass nearly conical in form, rising fully 800 feet above the plain, and is 
the most conspicuous hill in that part of the country. Kundaguth hill (Station), 
the easternmost member of this group, is also a considerable hill and nearly as 
high as Arwapalli. This group includes a number of smaller hills and masses 
not shown on the map. They have all been denuded of the jungle which formerly 
clothed their flanks. 

Twenty miles ora little more north of the Arwapalli group he the southern 
members of another small group which [ will call the 
Vizianagram group after a small but interesting hill 
bearing that name. The beds of granite gneiss composing the hill have a 
north-westerly strike and can be very distinctly traced across the intervening 
plain into the Zaffarghur hills, a distance of 4 or 5 miles. The south-western 
part of the group is formed by the Kolonpalli hills, all typical specimens of 
granite gneiss hills. 

The next group of hills may be termed the Madapur group from the village 
lying nearest its centre. The group includes six consider. 
able hills rather widely detached and a number of smaller 
ones, several of which are not shown in sheet 75. This group lies 12 miles south- 
west of Vizianagram hill. The principal hills in the group are the Kul Konda 
(Koolconda) at the northern extremity, the Madapur Trigonometrical Station hill, 


1 The Kasba of the taluq is not at Kandi Konda village, but at Nelli Kudra (Nelly Koundroo), 
20 miles north-west-by-west. 
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two large hills north-east of Madapur, another large one to the west of the village, 
and lastly a very fine bold hill 700—800 feet high 6 miles to the south-east. 

To the west of the Madapur group the country fora distance of over 20 miles, 
though rising steadily westward, shows many fewer hills, and those are with one 
exception of much smaller size. They are too scattered to be includedin groups, 
and do not require special notice. 

The only one of importance is a lofty conical mass which rises on the north 

eae side of the Mussi river ata distance of 3 miles from 

: the large village of Vemal Konda (Vamul Conda). The 

local name of this hill is Sudi Konda. It is the most perfectly conical granite- 

gneiss hill of large size that I am acquainted with, excepting possibly the 

Suttu Pottai in South Tinnevelly. Sudi Konda, which is fully 600 feet high above 

the plain if not considerably more, owes its shape chiefly to the concentric peel- 
ing off on a gigantic scale of thick layers of rock. 

The numerous granite-gneiss hills south of the Mussi river did not come within 
the limits of my traverse. 

Ten miles west-north-west of Sudi Konda commences a set of granite-gneiss 

ae hills that joins on to the Bhonagir group which cul- 
a minates in ‘the very fine hill on which Bhonagir Drug 

is built. This is one of the finest examples of a fortified granite-gneiss hill in 
South India and must im olden times have been a place of immense strength. 

Of hills untouched by the hand of man the Raghir hill, 3 miles to the north- 
east, is a very beautiful example. The rocks here rise in bold peaked masses, 
amongst which a few fine trees are still growing, the whole being the most pic- 
turesque spot in the country between Hyderabad and Bezwada. 

The group of hills to the north of the road from Bhonagir to Hyderabad 

sighs though picturesque is much lower than the Bhonagir 
as as hills. The low hills close to the road are of no special 
interest. 

The character of the work involved in making a search for coal-bearing rocks 

over a vast area of country in a very limited space of time 

Bed oom a not debarred all close study of the older rocks. Such observa- 

tions as were made in passing were necessarily rather 

rough, Quarries are in many parts but few and far between, and the greatly 

weathered surfaces of the undisturbed rocks do not afford sufficient information 

to admit of close determination of the exact character of the rock. The detailed 

description of the petrology of this region will have to be given after a much 

closer examination of the crystalline rocks than it was in my power to make. I 
can only roughly indicate the great features which could not escape notice. 

The granite-gneisses occur, as already pointed out, in great bands running in a 
north-north-westerly direction across the line of traverse. Of these great bands 
the most easterly belongs to the Nandigama-Khammamett band of coarse grey, 
generally hornblendic granjte-gneiss. This includes the tract of country occupied. 

by the Kandi Konda group of hills above described. Mi- 

Difficulty of distin- caceous and epidotic (pistacitic) varieties occur occasion- 
guishing weathered rocks, P 

ally, but are not common. It is not improbable, however, 
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that the micaceous varieties are much more common than appears on cursory 
inspection, for the mica crystals are more affected by weathering thanthe quartz, 
felspar, and hornblende. The hornblende also is often unrecognizable on the 
weathered surfaces; it is therefore very easy to pass froma bed of hornblendic 
rock on to a really micaceous bed without being immediately aware of the change. 
As a matter of fact, it was generally unsafe to assume the spevial character 
without getting sight of a freshly broken unweathered surface, which was fre- 
quently impossible as the great rounded masses were too deeply weathered to 


reveal their internal structure to the questioning of an ordinary geological 
hammer. 


Westward of the coarse hornblendic band comes a less coarse variety in which 
micaceous beds are rather more frequent, or at least more apparent. To this 
band belong the Vizianagram, Arwapalli, and Madupur groups of hills. 

West of this, again, comes a band of coarser and more porphyritic granite 
gneiss of coarse texture. As seen in the quarrics to the south-west of Mutkur 
(Mootkoor), it is a greyish pink rock, which when closely examined consists of 
pinkish orthoclase, black mica, and white quartz. 

The bedding is only seen when large spreads of the rock are exposed. 

Further west hornblendic varieties again appear to predominate and the 
granitoid character of the rock becomes more marked, the original bedded 
structure of the rocks having been entirely, or almost entirely, obliterated by 
excessive metamorphism. 

Specially beautiful examples of granite-gneiss were met with at several places, 

: . eg., at Autapuram (Owtapoorum) near the southern 

Pe ieee ofthe end of the Vizianagram group of hills, where a lovely 

pale pink and green variety of rock occurs, the felspar 

being pale pink (flesh colour) in a matrix of pale green pistacite with a few 

spangles of graphite. About 13 miles south of this beautiful epidotic rock is 

a very fine black variety of close-grained hornblendic granite-gneiss forming the 
rocky hill on which stands the Punnagherry Trigonometrical Station. 

One of the handsomest rocks to be seen in the country is a deep red and green 
epidote gneiss, which is exposed in the bed of a stream between Gutkassara and 
Auvunumpett, 12 miles east of Secunderabad. 


Trap-dy kes. 


It would be a mistake to omit noticing the trap-dykes occurring in the granite- 
gneiss area, for they occupy important positions in many parts, and in not a few 
cases attain to very large size. For the most part they consist of moderately 
coarse diorite of black or greenish-black colour, rarely of a distinctly green tint ; 
the few of the most important may be enumerated :— 


1.—A group of large dykes, north of Maddallapatti and 3 miles west of 
Khammamett. 


2.—A very large dyke at Pindipol (Pindypoal) at the south end of the 
Kandi Konda hill group. 

3.—Two large dykes south of Kandi Konda. 

4—A very large dyke at Inkirti, 20 miles north-west of Kandi Konda. 
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5.—A very large dyke running for more than 12 miles north and south 
through the centre of the Madapur hill group and forming several con- 
siderable ridges. 

6.—A large and lofty dyke north and south at Gurjalla on the south bank of 
the Mussi river, possibly an extension of No. 5. 

7.—A pair of great dykes which form the crest of the southern part of the 
great Sudi Konda hill rising some 400—500 feet above the plain. 

8.—A large dyke forming the crests of the Kanchanpalli (Kunchunpully) 
ridge, 8 miles north-west of the Sudi Konda dyke. 

9.—A very large dyke running for 14 miles north-east-by-east, south-west-by- 
west, passing close north of Bhonagir Drug hill and forming several 
very conspicuous hill ridges along its course. 

10.—-A large dyke crossing the plain east of Gutkassara in a nearly north and 
south direction. It forms several considerable bare rocky ridges and is 
lost to sight at the northern end in the Parvatgiri (Purvatgerry) hills, 
while to the south it disappears across the crest of Bachawaram hill on 
the right bank of the Mussi. 

In a few dykes the diorite is markedly porphyritic, and encloses large crystals 

of green felspar in a green matrix. Examples of this are 

to be seen at Nagawaram, 2 miles south-west of the great 

Inkirti dyke (No. 4) above mentioned, and at Surruwaillu, 5 miles south-east of 

Kandi-Konda, 


Porphyritic trap. 


Granite and Quartz veins. 


No granite or quartz veins of any size were seen in the course of the 
traverse, but a great plexus of small and often anastomosing veins of common 
coarse pinkish-grey granite was observed cutting up the compact grey granite- 
gneiss in a very remarkable way ina hill 4 miles north-east of Autapuram (Owta- 
poorum). The granite veins are so numerous that they form very nearly half the 
mass. They strongly suggest the idea that they have originated not by intru- 
sion but by excessive metamorphism along the lines of jointing and other 
fissures in the original rock. 

Three good-sized and conspicuous runs or recfs of brecciated quartz rock form 

. the mass of a moderately high ridge which runs north- 
Brecciated quartz rock. ctward from the left bank of the Alléru (Allair) river, 
3 miles above its junction with the Bikaléru (Beekullair). 


Sub-aérial formations and soiis. 


With the exception of a few unimportant deposits of kankar no sub-aerial 
formations were noted. 

The soils are almost invariably varieties of lal, or red, soil, and mostly very 
poor and gritty. Here and there rich soils have been 
formed by the decomposition of the trap-dykes or of extra 
hornblendic varieties of the granite.gneiss. 

Cotton soil is of very rare occurrence and only a few small spreads of it were 
‘ noted a few miles eastward of Bhonagir. 


Soils. 
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Note on Coal and Limestone in the Doigrung River, near Golaghat, Assam, by 
Tom. D. La Toucue, B.A., Geological Survey of India. 


It has long been known that in the Nambar, a tributary of the Dhansiri crossed 
by the Naga Hills road 12 miles to the south of Golaghat, there are exposures of 
coal and iimestone,! and some time ago I was informed by Mr. Clift, Executive 
Engineer, Assam Railway Surveys, that a native surveyor of his party had found 
coal and limestone in the Doigrung, a stream flowing parallel to the Nambar and 
3 or 4 miles to the west of it. As his description seemed to indicate that there 
was a considerable quantity of the minerals there, I spent a few days on my way 
to Upper Assam this season in visiting the locality, 

The coal is exposed in the Doigrung about 7 miles above the point where the 
forest path from the Dimapdr road to Murphulani crosses the river (see Topo- 
graphical Survey Sheet No. 35, 1 inch == 2 miles), and where a forest bungalow 
has been recently built. The spot may be reached by following the path south- 
wards from Murphulani, and turning south-east at the village of Burabassa (not 
marked in the map, but close to the site of the deserted village Leti). The coal 
is seen twice in the bed of the stream, being probably repeated by a fault, with 
an interval of about 4 mile between the exposures, and in each case is overlaid by 
calcareous shales containing large nodular masses of limestone, crowded with 
fragments of shells. The seam is in each case about 3 feet thick, the greater por- 
tion of it being under water and extending nearly across the river with a low dip 
to west-north-west. The coal contains numerous nests and specks of the fossil resin 
characteristic of the cretaceous coal of the Khasia and Garo Hills, and is presum- 
ably of the same age. Gneiss occurs about } mile further up stream, and the high 
ridge to the west of the Doigrung is apparently all of the same rock. Itis diffi- 
cult to form an opinion as to the extent of the coal, but this is probably a portion of 
the same bed as that found in the Nambar. Even if it were continuous between 
these streams, the greater portion of 1t would be below the water level of the 
valley, and seeing that far larger deposits are easily available in Upper Assam, 
I do not consider this coal to be of practical importance at present. In the event, 
however, of the Assam Railway being brought down the Dhansiri valley, this 
coal may turn out to be of some use, if the quality should improve to the deep; 
the sample taken at the outcrop gives the following very poor result on assay :— 





Moisture . ‘ ; : ‘ 2 ‘ ‘ F ‘ : 5:08 
Volatile twatter e e e e e e ® e e 31:06 
Fixed carbon ° : ‘ ‘ ° ;: ‘ ‘ ‘ 15°10 
Ash e e e e e e « e e e e 48 76 

100°00 


The occurrence of limestone in this locality is a fact of far greater importance, 
there being so great a scarcity of this rock in the Naga Hills, the lime for which 
is at present obtained at a great expense (about Rs. 10 per maund) from Sylhet. 
Mr. Medlicott in 1865 expressed his surprise that no use had been made of the 


1 Medlicott, Memoirs, Geological Survey of India, Vol. IV, Pt. 3, p. 26. Mallet, Zdid., Vol. 
XII, Pt. 2, p. 17, note. 
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limestone on the Némbar, but from that day to this only one attempt, and that 
a feeble one, has been made to burn the stone. 

The Doigrung limestone is found about 3 miles above the forest bungalow 
above mentioned, where a bed, of which from 3 to 6 feet is visible above water, is 
exposed on the left bank of the stream, dipping north-east at about 50°. Mr. 
Mitchell, Assistant Engineer, is at present engaged in cutting a path to the spot 
and opening pits at a short distance from the river bank, in order to discover the 
extent of the bed. The density of the jungle renders it impossible to see how far 
the bed extends without this being done, but I think that enough stone can cer- 
tainly be raised without much difficulty to supply the wants of, at any rate, the 
Naga Hills. It will only be possible to obtain the stone during the cold weather, 
as the pits will be under water during the rains. The limestone is similar to that 
seen below the falls on the Nambar, and it is possible that it may be found on the 
low ridge separating the Doigrung from the Nambar, in which case quarries, not 
liable to be flooded every year, might be opened in it, In fact, it is not impro- 
bable that sufficient limestone may be obtained here to supply the wants of a large 
part of Upper Assam. An assay of the Doigrung limestone gave the following 
result :— 


Carbonate of lime 7 ‘ : : . ‘ 
as » magnesia J ; 

Oxide of iron, slumina and magnesia 

Insoluble . 4 ‘< . r ° 


100 00 


Homotaxis, as illustrated from Indian Formations by W. T. Bianrorp, F.R.S., 
Sec. G.S., F.R.G.S.' 


In commencing an address to the Geological Section of the British Associa- 
tion on the first occasion on which that body has met outside of the British Islands, 
I feel much difficulty. Amongst the eminent geologists who have filled the post 
which you have done me the hononr of calling upon me to occupy for the present 
year, there are several who would have been able, from their knowledge of both 
Kuropean and American geology, to treat with authority of the many points of 
interest elicited by comparison of geological phenomena on opposite sides of the 
Atlantic Ocean, My own experience has been chiefly derived from the distant 
continent of Asia, and I have not that intimate acquaintance with the geology of 
Kurope, nor that knowledge of the progress of geological research in America, 
which would justify my entering upon any comparison of the two continents. It 
has, however, occurred tome that amongst the questions of wide importance 
connected with the correlation of strata in distant parts of the world, there is one 
to which some interesting contributions have been made by the work of the 
Geological Survey of India, and by the geologists of Australia and South Africa ; 
and that a short time might be profitably devoted to a consideration of a few 


1 This is a reprint of Mr. Blanford’s address as President of the Geological Section of the 
British Association, at Montreal, 1884. 
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remarkable exceptions to the rule that similarity of faunas and floras in fossi-« 
liferous formations throughout the surface of the world implies identity of geo- 
logical age. 

It has probably occurred to.other geologists here present, as it has to myself, 
to be engaged in examining a country the geology of which was absolutely un- 
known, and to feel the satisfaction that attends the first discovery of a character- 
istic fossil form. A clue is at once afforded to the geology of the region; one 
horizon at least is believed to be determined, and from this horizon it is possible 
to work upwards and downwards until others are found. 

It is, therefore, of special importance to those engaged in geological explora- 
tion to satisfy themselves whether the conclusion is correct that identity, or close 
specific similarity, amongst fossil forms, is a proof that the beds containing them 
are of the same geological age. It has been pointed out by some of the most 
careful thinkers, and especially by Forbes and Huxley, that a species requires 
time to spread from one area to another; that, in numerous cases, a migratory 
specific form must flourish in the region to which it has migrated, after it has 
died out in its original birth-place ; and that the presence of the same species in 
two deposits at distant localities may rather tend to indicate that both were not 
formed simultaneously. Huxley, as is well known, invented the term ‘ homotaxis’ 
to express the relations between such beds, and to avoid the possibly misleading 
expressions ‘ geological synchronism,’ and ‘contemporaneous origin.’ 

Despite such cautions, however, it still appears to be generally assumed by 
palwontologists that similarity between faunas and floras is evidence of their 
belonging to the same geological period ; that the geological age of any formation, 
whether marine, fresh-water, or subaérial, can be determined by a comparison of 
its organic remains with those of other deposits, no matter how distant, of which 
the position in the geological sequence is ascertained : in short, that homotaxis of 
marine, fresh-water, and terrestrial forms implies geological synchronism. 

That, as a general rule, homotaxis affords evidence that beds exhibiting it 
belong approximately to the same geological period, appears supported by a 
large amount of evidence. But there are some startling exceptions. I propose 
to notice a few typical instances, several of them Indian, in which the system of 
determining the age of various formations by the fauna or flora has led to con- 
tradictory results, before attempting to show wherein the source of the error 
appears to he. Nothing would be gained and much time would be lost by enter- 
ing upon the details of all the cases known, even if I were able to give authentic 
particulars, which is doubtful. It will be sufficient to cite some characteristic 
examples, concerning the details of which satisfactory evidence is forthcoming, 

Pikermi Beds.—There are but few fossiliferous deposits on the face of the earth 
that have attracted more attention than the Pikermi beds of Greece. In one of 
the most classical and famous sites of the world, a few miles east of Athens, 
just where 

The mountains look on Marathon, 

And Marathon looks on the sea, 
some red, silty beds occur, abounding in vertebrate remains. Some of the bones 
were described by Wagner and others, but for a complete account of the fauna we 
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are indebted to Professor Albert Gaudry, who has himself collected by far the 
greater portion of the remains hitherto procured. The following is a list of the 
genera determined ; it is unnecessary to give the specific names :— 


MAMMALIA. 


Prmmates.—Mesopithecus, 1 sp. 

CaRNIVORA.—Simocyon, 1; Mustela,1; Promephitis,1; Ictitheriun, 8; Hyanarctus, 1; 
Hyena, 1; Hyenictis,1; Felis 4; Macharodus, 1. 

PROBOSCIDEA.—Mastodon, 2; Dinotherium, 1. 

Uneurata,— Chalicotherium, 1; Rhinoceros, 3; Acerotherium, 1; Leptodon, 1 ; Hipparion, 
1; Sus, 1; Camelopardalis, 1; Helladotherium, 1; Orasius, 1; Pulaotravus, 1; 
Protragelaphus,1; Palaoryx,2; Tragocerus,2; Paleworeas, 1; Antidorcas (?), 13 
Gazella,1; <Antilope,3; Dremotherium,2; Cervus, 1, 

RopENTIA.— Mus (Acomys),1; Hystriz, 1. 

EpENTATA,—Ancylotherium, 1. 


AVES, 


Phasianus, 1; Gallus, 1; Gen. gallinae. indet., 1; Grus,1; Gen. ciconidar., indet ,1. 


REPTILIA. 

Testudo,1; Varanus, 1. 

Of mammalia alone there are known from this deposit 33 genera, of which 22 
are extinct, and 47 species. 

Now, this fauna is almost invariably in European works quoted as Miocene. 
Of the species found no less than 14——Simocyon diaphorus, Ictitherium robustum, 
I. hipparionum, Hyena eximia, Hyenictis greca, Macherodus cultridens, Mastodon 
turicensis, Dinotherium giganteum, Rhinoceros schleiermachert, Hipparion gracile, 
Sus erymanthius, Helladotherium duvernoyi, Tragocerus amaltheus, and Gazella 
brevicornis—are met with in other European deposits assigned to the Miocene 
period. It is true that one of these deposits at least—that of Eppelsheim—has 
been shown on stratigraphical grounds to be much more probably Pliocene 
than Miocene, and the position of other deposits has been determined by the kind 
of argument which, as I shall show, has proved misleading in the case of Pikermi 
itself. Nevertheless so general is the consensus of opinion amongst paleontologists, 
that the beds with Hipparion at Pikermi and elsewhere are quoted as especially 
included in the Miocene system by the French Committee of the International 
Geological Congress. Amongst English writers the Miocene age of the Pikermi 
beds appears generally admitted, as by Mr, Wallace,! Professor Boyd Dawkins,? 
Mr. E. T. Newton,’ and many others. Professor Gaudry himself is much more 
cautious; he classes the fauna as intermediate between Pliocene and Miocene, and 
only relegates it to Upper Miocene because that is the position assigned by other 
paleontologists to beds containing remains of Hipparion. However, in his 
subsequent works Professor Gaudry has classed the Pikermi fauna as Miocene. 

Now, the lowest of the beds with the vertebrate fauna at Pikermi were by 
Professor Gaudry himself found to be interstratified with a band of grey conglo- 


1 Geographical Distribution of Animate, i. p. 116. 
3 Q. J. G. 8. 1880, p. 389.- 
* Q. J. G. &. 1884, pp. 284, 287, &ec. 
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merate containing four characteristic marine Pliocene mollusca—Pecten benedictus, 
Lam,; Spondylus gederopus, L.; Ostrea lamellosa, Brocchi; and U. undata, Lam. 
It should be remembered that the Pliocene fauna of the Mediterranean area is 
the richest and most typical in Europe, and is as well known as any geological 
fauna in the world. It should also be remembered that the Pliocene beds are well 
developed in Greece at other localities besides Pikermi. Professor Gaudry espe- 
cially points out that the vertebrate remains, supposed to be those of Miocone 
animals, are deposited in a stratum overlying a marine bed of undoubted Pliocene 
age, and he proposes the following hypothesis to account for the presence of Miocene 
fossils in a Pliocene stratum. The remains found at Pikermi are, he thinks, those 
of animals that inhabited the extensive plains which in Miocene times extended 
over a considerable proportion of the area now occupied by the Nastern Medi- 
terranean and which united Greece to Asia; the plains were broken up by the 
dislocations that took place at the close of the Miocene period, and the animals 
escaped to the mountains, where they died for want of space and of food. Their 
bones were subsequently washed down by the streams from the hills and buried 
in the Pliocene deposits of Pikermi. 

Professor Gaudry evidently has no very profound faith in this hypothesis, and 
it is unnecessary to refute it at length. One fact is sufficient to show that it is 
untenable. However sudden may have been the cataclysm that is supposed to 
have broken up the Miocene plains of Attica, a very long period, measured in 
years, must have elapsed before the Pliocene marine fauna could have established 
itself. Now, the bones of mammals exposed on the surface decay rapidly ; the 
teeth break up, the bones become brittle. It is doubtful if bones that had been 
exposed for only five or six years would be washed down by a stream without 
being broken into fragments; the teeth especially would split to pieces. The con- 
dition of the Pikermi fossils proves, I think, that they must have been buried very 
soon after the animals died, that they were not exposed on the surface for any 
length of time, and that they could not have been washed out of an earlier forma- 
tion, and it appears to me incredible that the Pikermi mammals were not 
contemporary with the Pliocene mollusca that occur in the same beds. In short, I 
cannot but conclude that the Pikermi mammals were Pliocene and not Miocene. 

This view is entirely in accordance with the opinions of Theodor Fuchs.! He 
has given a good account of the geology of various places in Greece, and amongst 
others of Pikermi. He found, again, the conglomerate with Pliocene marine 
mollusca interstratified with the basal portion of the mammaliferous beds, and he 
concludes * that not only is it clear that these mammaliferous beds are of Pliocene 
age, but that a comparison of their geological position with that of the marine strata 
of the Pirswus proves that the Pikermi beds occupy a very high position in the 
Pliocene, and are probably the highest portion of the system as developed in the 
neighbourhood. 

Fuchs also shows that the principal Pliocene mammaliferous beds are of later 
date than the typical Pliocene (Subapennine) beds of Italy, and that some mam- 
malia found associated with the latter comprise forms identical with those of the 


1 Denkschr. EK. Acad. Wiss. Wien, 1877, xxxvii. Ze Abth. p. L 
3 da Cus p. 30. ° - 
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Pikermi beds. In subsequent papers on the age of the beds containing Hipparion 
the same writer shows reasons for classing these strata in Italy, France (Vaucluse), 
and Germany as intermediate between Miocene and Pliocene. This leaves the 
difficulty unsolved, for he had shown the Pikermi beds to be high in the Pliocene 
system. They rest unconformably upon certain fresh-water limestones, clays, &c., 
containing plants and mollusca, and classed by Gaudry as Miocene, but by Fuchs 
as Pliocene. Thus by both writers the mammaliferous beds of Pikermi are referred 
to a considerably later geological horizon than those containing identical species 
in other parts of Europe. 

It would require too much time to enter into the still more difficult question of 
the various plant-bearing beds in different parts of Europe and in Greenland con- 
taining « flora classed by Heer and others as Miocene. Gardner has given reasuns 
tor considering the Greenland beds Eocene; Fuchs, as just stated, is of opinion 
that the Greek beds are Pliocene. One point should be noted, that the more 
northern flora is considered older than the more southern, and it will be remarked 
that the same observation applies to the supposed Upper Miocene fauna of France 
and Germany and the Pikermi fauna of Greece. 

Siwalik.—The next instance which I shall describe is another of the most im- 
portant fossil mammalian faunas of the Old World, that found in the Upper 
Tertiary beds that fringe the Himalayas on the south. The name applied to this 
fauna is taken from one of the localities in which it was first found, the Siwahk 
(correctly, I believe, Shib-w4la) hills, between the Deyra Dun and the plains north 
by east of Delhi. Bones of Siwalik mammalia are found, however, throughout a 
“onsiderable area of the Northern Punjab. 

The Siwalik fauna has been worked out, chiefly by Falconer and Lydekker, the 
last-named being still engaged in describing the species. The following is a list 
of the genera found in the true Siwalik beds! :—~ 


MAMMALIA, 


Primates—Palaopithecus, 1 sp.; Macacus,2; Semnopithecus, 1; Cynocephulus, 2. 

CaBRAIvORA. ~Mustela, 1; Mellivora,2; Mellivorodon,1; Lutra3; Hyaenodou,1; Ursus, 
1; Hyenarctus,3; Canis,2; Viverra,2; Hyena, 4; Hyanictis,1; Lepthyoena, 1; 
Miluropsiz, 1; Hlurogale,1; Felis, 5; Mackarodus, 2. 

ProposcorpEA—Elephas, 6 (Huelephas, 1; Lozodon, 1; Stegodon, 4); Mastodon, 5. 

Uneorata.— Chalicotherium, 1; Rhinoceros,3; Equus,1; Hipparion, 2; Hippopotamus, 
1; Tetraconodon, 1; Sus,5; Hippohyus,1; Sanitherium, 1; Merycopotamus, 1; 
Cervus, 3; Dorcatherium, 2; Traguius, 1; Moschus,1; Propaleomeryz, 1; Camelopar- 
dalis,1; Helladotherium, 1; Hydaspitherium,2; Sivatherium, 1; <Alcelaphus, 1; 
Gazella, 1; Antilope, 2 ; Ureas, (?), 1; Paleoryz, (?), 1; Portax. 1; Hemibos, 3; Lepto- 
bos, 1; Bubalus, 2; Bison, 1; Bos, 3; Bucaupra,1; Capra, 2; Ovis, 1; Camelys, 1. 

Ropantra.— Maus ( Vesokia), 1; Rhkysomys,1; Hystriz,1; Lepus, 1. 


AVES. 
Gracalus, 1; Pelecanuse, 2; Leptoptila,1; Gen. non det. ciconid., 1; a 1; res 
1; Dromeus, 1; Gen. non det. siruth., 1. 


l Lydekker, J. A. 8. B. 1880, pt. 2 p. 84; Paleentologia Indica, ser. x. vols. i, ii, ili; 
Records, Geological Survey of Zadsa, 1888, p. 81. Iam indebted to Mr. Lydekker for some an- 
Published additions, aud for aid in compiling both the Siwalik and Pikermi lists. 
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REPTILIA. 


Crocopir1a— Crocodilus, 1; Gharialis, 3. 
LaCERTILIA— Varanus, 1. 


CuErLontla—Colossochelys, 1; Testudo, 1; Bellia,2; Damonia, 1; Emys, 1; Cautleya, 1; 
Pangshura,1; Emyda,1; Trionyz, 1, 
PISCES. 

Bagarius, 1. 

Now, until within the last few years, this fauna was classed as Miocene by 
European paleontologists as unhesitatingly as the Pikermi fauna still is, and in 
the majority of European geological works, despite the unanimous opinion of all 
the geologists who are acquainted with the sub-Himalayan beds, the Siwalik 
fauna is still called Miocene. The geologists of the Indian Survey, however, 
classed the fossiliferous Siwaliks as Pliocene, on both geological and bioloyical 
grounds. With regard to the latter, not only does the fauna comprise a large 
number of existing genera of mammals, such as Macacus, Semnopithecus, Ursus, 
Hlephas (Euelephas), Equus, Hippopotamus, Camelopardalis, Bos, Hystriz, Mus, 
and especially Mellivora, Meles, Capra, Ovis, Oamelus, and Rhizomys, but three 
out of six or seven clearly determined species of reptiles, viz—Crocodilus palus- 
tris, Gharialis gangeticus, and Pangshura tectum—are living forms now inhabit- 
ing Northern India, whilst ali the known land and fresh-water mollusca, with 
one possible exception, are recent species. 

These data, however, although very important and very cogent, belong to a 
class of facts that have led, I believe, in other cases to erroneous conclusions. 
The geological evidence is far more satisfactory, and it is not liable to the same 
objection. 

The whole Siwalik fauna, as given above, has been obtained from the upper 
beds of a great sequence or system. Beneath the fossiliferous strata at the base 
of the North-West Himalaya there is an immense thickness, amounting in places’ 
to many thousands of feet, of sandstones, clays, and other beds, from none of which 
recognisable fossils have been procured. The first beds of known age that are 
met with below the mammaliferous Siwaliks are marine rocks belonging to the 
Eocene system. 

But as we pass from the Himalayas to the south-west, along the western 
frontier of India in the Punjab, and onwards to the south in Sind, the same 
Siwalik system can be traced almost without interruption, and in the last-named 
country the lower unfossiliferous strata become intercalated with fossiliferous 
beds. In Sind the upper Siwaliks no longer yield any vertebrate remains that 
cau be identified, but far below the horizon of the Siwalik fauna a few bones 
have been found, and the following mammals have been identified ! :—~ 


Carnrivorna—Amphicyon palaindicus. 

Pronoscipra— Mastodon latidens, M. perimensis, M. falconeri, M. pandionis, M. angue- 
tidens, Dinotherium tndicum, D sindiense, D. ventepotamia. 

Uneuiata— Rhinoceros sivalensis, var. wntermedius, Acerotherium perimense, A. blanfordi, 
Sus hysudricus, Hyotherium sindiense, Anthracotherium silistrense, 4. hyopotamoides, 


1 Pal. Ind, ser. x; Bec., Geol. Surv. Ind,, 1883, pp. 82, &e. 
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Hyopotamus paleiadicus, H. giganteus, Hemimeryx bilanfordi, Sivameryx sindiensis 
Agrwcherus sp. Dorcatherium majus, D. minus. 
Epentara— Manzs (7) sindiensis. 


Although about one-third of the species above named have been found also 
in the upper Siwalik beds of the Punjab, it is unnecessary to point out in detail 
why the lower Siwalik fanna is clearly by far the older of the two. The absence 
of such living genera as Hlephas, Bos, Equus, &c., and the presence of so many 
typically Middle Tertiary forms, such as Dinotheriwm, Anthracotherium, and 
Hyopotamus, shows a great change. The mollusca tell the same tale. All the 
forms known from the upper Siwaliks, with one exception, are recent species of 
land and fresh-water shells now living in the area. Of seven fresh-water 
mollusca! found associated with the lower Siwaliks, none appears to be identical 
with any living species, and only two are allied, one closely, the other more 
remotely, to forms now met with in Burma 30° of longitude further east. 

Before proceeding with the argument it is as well to call attention to the very 
important fact just mentioned. It has been asserted over and over again that 
species of mammalta are peculiarly short-lived, far more so than those of mollusca. 
In this case, so far as the evidence extends at present, one-third of the species 
of mammalia survived the changes that took place, whereas not a single mollusk 
is found both in the upper and lower Siwaliks. It should be remembered that 
the recent molluscan river fauna of this part of India is very poor in species, and 
that we probably know a considerable proportion of that existing in Siwalik 
times. 

The geological age of the lower Siwalik beds of Sind is shown by their pass- 
ing downwards into marine fossiliferous beds, known as the Gj group, of Miocene 
age, the following being the section of Tertiary strata exposed in the hills west of 
the Indus :— 


F te 
Upper . . 5,000 unfossiliferous . . Pliocene 
ssf nea Lower ., « 8,000 to 5,000 fossiliferous Upper Miocene or 
Lower Pliocene 
Gaz. : 1,000 to 1,500 fossiliferous Miocene 
Nix Upper. e 4,000 to 6,000 unfossiliferous Lower Miocene 
*@Lower ., - 100 to 1,600 fossiliferous Oligocene 


Kamran {Upper + +800 t0 $000 foiliferous Yoon 

Clearly the lower Siwaliks of Sind cannét be older than Upper Miocene; 
therefore the Upper Siwaliks, which are shown by both biological and geological 
evidence to be of much later date, must be Pliocene. 

Gondwana system of India.—In the peninsula of India there is remarkable 
deficiency of marine formations. Except in the neighbourhood of the coast or of 
the Indus valley there is, with one exception (some cretaceous rocks in the Ner- 
budda valley), not a single marine deposit known south of the great Gangetic 
plain. But in Bengal and Central India, over extensive tracts of country, a 
great sequence of fresh-water beds, probably of fluviatile origin, is found, to which 
the name of Gondwana system has been applied. The uppermost beds of* this 


1 Mem., Geot. Sure. Ind. vol, xx, pt. 2, p. 129. . 
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system, in Cutch to the westward, and near the mouth of the Godavari to the 
eastward, are interstratified with marine beds containing fossils of the highest 
Jurassic (Portlandian and Tithonian) types. 

The Gondwana system is a true system in the sense that all the series com- 
prised are closely connected with each other by both bivlogical and physical 
characters, but it represents in all probability a much longer period of geological 
time than do any of the typical European systems. The highest members, as 
already stated, are interstratified with marine beds containing uppermost Jurassic 
fossils. The age of the lowest members is less definitely determined, and has 
been by different writers classed in various series from middle Carboniferous to 
Middle Jurassic. The Gondwéna beds from top to bottom are of unusual interest 
on account of the extraordinary conflict of paleontological evidence that they 
present. 

The subdivisions of the Gondwfina system are numerous, and in the upper 
portions especially the series nnd stages are different in almost every tract where 
the rocks are found. The following are the subdivisions of most importance on 
account of their fauna and flora, or of their geological relations. 


| oie and Jabalpur. 


Upper Gondwana Kota Maleri. 


Rajmahal. 
Panchet. ae 
niganj and Kamthi. 
Lower Gondwana . ° ; Damuda - J aac 
Karharbéri. 
Télchir. 


The upper Gondwénas, where best developed, attain a thickness of 11,000 feet 
and the lower of 13,000 feet. 
The Télchir and Bar&kar subdivisions are far more generally present tha 
any of the others. ; 
Talchir,—The Talchir beds consist of fine silty shales and fine soft sandstone. 
Very few fossils have been found in them, and these few recur almost without 
exception in the Karharbari stage. The Talchirs are principally remarkable for 
the frequent occurrence of large boulders, chiefly of metamorphic rocks. These 
boulders are sometimes of great size, 6 feet or more across, 3 to 4 feet being a 
common diameter; all are rounded, and they are generally embedded in fine silt. 
Karharbdri.i—The Karharbari beds are found in but few localities, They 
contain some coal-seams, and the following plants have been met with! :-— 
ConrFERnz£.—Huryphyllam, 1 sp.; Volizia, 1; Albertia, 1; Samaropats, 1. 
CYCADEBACER.— Glossozamites, 1; Noeggerathiopss, 1. 


Frinices.—Neuropteris, 1; Glossopteris, 4; Gangamopteris, 4; Sagenopteris, 1, 
EQUISETACREE.—Schizoneura, 2; Vertebraria, 1. 


The most abundant form is a Gangamopteris. The Voltzia (V. heterophylla) 
is a characteristic Lower Triassic (Bunter) form in Europe. The Neuropteris 
and Albertia are also nearly related to the Lower Triassic forms. The species of 
Gangamopteris, Glossopteris, Vertebraria, and Noeggerathiopsis are allied to forms 
found in Australian strata. 


1 Feistmantel : Puleontologia Indica, ser. xii, vol. iii. 
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Damuda.—The Damnda series consists of sandstones and shales with coal- 
beds ; the floras of the different subdivisions present but few differences, and the 
following is the list of plants found! :-— 


ConIFERR.—Ritpidopsis, 1 sp., Volizia, 1; Samaropsis, 1; Cyclopitys, 1. 

CYCADEACER.—Pterophylium, 2; Anomozamites, 1; Noeggerathsopsis, 3. 

Fiuices.— Sphenopteris, 1; Dicksonia, 1; Alethopteris, 4; Pecopteris, 1; Merianopteris, 1; 
Macroteniopteris, 2; Palaovittaria, 1; Angiopteridium, 2; Glossopteris, 19; Ganga- 
mopteris, 7; Belemnopteris,1; Anthrophyopsis, 1; Dictyopteridium,'1 ; Sagenopteris, 4; 
Actinopteris, 1. 

EQUISETACER.—Schizoneura, 1; Phyllotheca, 3; Trizygia, 1; Vertebaria, 1. 


The only remains of animals hitherto recorded are an HEstheria and two 
Labyrinthodonts, Branchyops luticeps and an undescribed form formerly referred 
to Archegosaurus. The only European genus allied to Branchyops is of oolitic 
age. 
The most abundant of the above-named fossils are Glossopteris and Vertebra- 
ria. With the exception of Noeggerathiopsis all the cycads and conifers are of 
excessive rarity. More than one-half of the species known are ferns with simple 
undivided fronds and anastomosing venation. 

For many years European paleontologists generally classed this flora as 
Jurassic.? This was the view accepted by De Zigno and Schimper, and, though 
with more hesitation, by Bunbury. The species of Phyllotheca, Alethopteris (or 
Pecopteris), and Glossopterts (allied to Sagenopteris) were considered to exhibit 
marked Jurassic affinities. It was generally admitted that the Damuda flora 
resembles that of the Australian coal-measures (to which I shall refer presently) 
more than it does that from any known European formation ; but the Australian 
plants were also classed as Jurassic. There is no reason for supposing that the 
more recent discoveries of Damuda plants would have modified this view ; the 
identification of such forms as true Sagenopterts and the cycads Pterophyllum 
and Anomozamites would assuredly have been held to confirm the Jurassic age of 
the beds. So faras European fossil plants are concerned, the Damuda flora re- 
sembles that of the middle or lower Jurassics more than any other. 

One form, it is true, the Schizoneura, is closely allied to 8. paradoxa from the 
Bunter or lower Trias of Europe. Other plants have Rhetic affinities. But the 
connections with the Triassic flora do not seem nearly equal to those shown with 
Jurassic plants, and the reason that the Damuda flora has been classed as proba- 
bly Triassic must be sought in the impossibility of considering it newer,’ if the 
next overlying stage is classed as Upper Trias or Rheiic, and in the close affinity 
with the underlying Karharbéri beds, which contain several Lower Triassic 
types. 

Panchet.—The uppermost series of the lower GondwdAnas consists chiefly of 
sandstone, and fossils are rare, The most interesting are remains of Reptilia and 


’ Pal. Ind., ser. ii. xi. xii. vol. iii, 

* De Zigno: Flora Fossilis Form. Ool. pp. 50, 68; Schimper ; Traité de Paléontologie Végttale 
i, p. 645 ; Bunbury ; Q. J. G. 8. 186], xvii. p. 350. 

* Feistmantel; Pat. Ind., ser. xii. vol. iti: pp. 67, 129, &c. 
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Amphibia. The following is a list of the fossil animals and plants corrected to 
the present time :— 
ANIMALS. 


REPTILIA., 
DINOSAURIA. —Ancistrodon, 1 ap. 


DIcYNODONTIA.—Dicynodon (Piychognathus), 2. 


AMPHIBIA, 
LABYRINTHODONTIA.—Goniogly ptus, 2; Glyptognathus, 1; Pachygonta, b. 


CRUSTACEA. 

fistheria, 1. 

PLANTS. 

ConIFRERE.—Samaropsts, 1. 

FILicEs.— Pecopteris, 1; Cyclopteris,1; Thennfeldia, 1; Oleandridium, 1; Glossupteris, 3. 

EQUISETACER.— Schizoneura, 1. 

The Schizoneura and the three species of Glossopferis are considered the same 
as Damuda forms. But with them are found two Kuropeau Rhwtic species, 
Pecopteris concinna and Cyclopteris puchyrachis. The OQleundridium is also closely 
aliied to a European Rhetic form, and may be identical. The flora may thus be 
classed as typically Rheetic. 

All the genera of Lwbyrinthodonts named are peculiar; their nearest Kuropean 
allies are chiefly Triassic. Dicynodontia are only known with certainty from 
India and South Africa, but some forms believed to be nearly allied have been 
described from the Ural mountains.' These fossils were obtained from rocks 
now referred to the Permian.® 

Upper Gondwanas.— The different series of the lower Gondwinas are found in 
the same area resting one upon the other, so that the sequence is determined 
geologically. This is not the case with the upper Gondwana groups; their,most 
fossiliferous representatives are found in different parts of the country, and the 
relations to each other are mainly inferred from palswobotanical data. Although, 
therefore, it is probable that the Rajmahals are older than the Cutch and Jabal- 
pur beds, and that the Kota-Maleri strata are of intermediate age, it is quite 
possible that two or more of these series may have been contemporancously 
formed in regions with a different flora, 

Rajmahdl.—The comparatively rich flora of the lowest upper Gondwana series 
is contained in beds interstratified with basaltic lava-flows of the fissure-eruption 
type. The following are the genera ' of plants found :— 

Con;Ferx.—Palissya, 2 sp.; Cunninghamites,1; Chirolepis, 2; Araucarites,1; Echino- 

strobus, 1. 

CycaDEACEE.—Pterophyllum, 9; Ptilophyllum,1; Otozamtites, 3; Zamites, 1; Dictyoza- 
mites, 1; Cycadites,2; Williamsonia, 2; Cycadinocarpus, 1, 

Friices.—Eremopteris, 2; Davallioides,1; Dicksonia, 1; Hymenophyllites, 1; Cylopteris, 
1; Thinnfeldia, 1; Gleichenia, 1; Alethopterss, 1; Asplenites, 1; Pecopteris, 1; 
Mucroteniopteri+, 4; Angiopteridium, 3; Danewopsis,1; Rhizomopteris, 1. 

EQUISETACER.— Agutsetum. 

1 Hurley; Q.d. G. &., xxvi., p. 48. 


2 Twelvetrees; Q. J. G. S., xxxviii. p. 500, 
3 Pal. Ind. ser ii.; Feistuantel; Records, G. S. I, ix, p. 39. 
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The marked change from the lower Gondwé&na floras is visible at a glance ; not 
a single species is common to both, most of the genera are distinct, and the 
difference is even greater when the commonest plants are compared. In the lower 
Gondwainas the prevalent forms are Hquisetacee and ferns of the Glossopteris type, 
whilst in the Rajmahal flora cycads are by far more abundant than any other 
plants. The whole assemblage, moreover, is more nearly allied than are any of 
those in the lower Gondwana beds to Kuropean Mesozoic floras. 

Of the R&jmahal plants! about fifteen are allied to Rhetic European forms, 
three to Liassic or lower Jurassic (two of these having also Rhetic affinities), and 
six to Middle Jurassic (two having Rhsetic relations as well). The flora must 
therefore as a whole on purely paleontological grounds be classed as Rheetic. 

Kota-Maleri.—The deposits belonging to this series are found in the Godavari 
valley at a considerable distance from the Réjmahal hills in Bengal, the locality 
for the Réjmahal flora. Both Rajmahal and Kota-Maleri beds overlie rocks of 
the Damuda series. It is not quite clear whether the Kota beds, which contain 
fish, insects, and crustaceans, and the Maleri beds, in which remains of fish, 
reptiles, and plants are found, are interstratified, or whether the Kota beds overlie 
those of Maleri. That the two are closely connected is generally admitted. 

From the Maleri beds the following remains have been recorded .— 


ANIMALS, 
Repritta.— Hy perodapedon, 1; Parasuchus, 1. 
P1sces.— Ceratodus, 8. 

PLANTS. 


ConIFER2.— Palissya, 2; Chirolepis,1; <Araucarites, 1. 

CycaDEAOnR.— Ptilophyllum, 1; Cycadites, 1, 

FILIcEs —Angitoptersdsum, 1. 

From the Kota fresh-water limestone 9 species of ganoid fish—wviz. 5 of 
Lepidotus, 3 of Tetragonolepis, and 1 of Dapedius—have been described. An 
Estheria, a Candona, and some insects have also beenfound. The fish ? are Liassic 
forms. 

The reptilia of the Maleri beds are, on the other hand, Triassic® and closely 
allied to Keuper forms. OCeratodus is chiefly Triassic (Keuper and Rhetic). The 
plants show relations with both the Rajmahal and Jabalpur floras, and, as the 
paleontological relations to beds in the same country are considered far higher in 
importance than those to deposits in distance regions, the Kota-Maleri beds are 
classed as intermediate between the Rajmahal and Jabalpur epochs. 

Outch and Jabalpur.—Jabalpur beds are found in Central India to the south 
of the Nerbudda valley, and form the highest true Gondwana beds. The Cutch 
beds, as already mentioned, are found interstratified with marine deposits of 
uppermost Jurassic age far to the westward, a little east of the mouths of the 
river Indus. The similarity of the plant-remains in the two series has cansed 
them to be classed together, but it is not certain that they are really of contem- 
poraneous origin. 

! Feistmantel, Pal. Ind., ser. ii., pp. 143—187 ; Man, Geol. Ind., p. 145. 

3 Pal. Ind., ser. iv., pt. 2. 

Pes Q. J. G. 8S. 1869, pp, 138, 152, &c. ; 1875, p. 427; Pal. Ind., ser. iv. pt. 3; Man. Geul, Ind. 
p. 151. 
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The following is a list of the Jabalpur plants! :— 

Contrenm.— Palissya, 2; Araucarites, 1; Echinostrobus, 2; Brachyphyilam, 1; Tuxites, 1; 
Gengko, 1; Phentcopsis, 1; Crekunowseria, 1. 

Cycapgacks®.— Pterophyllum, 1 ; Ptilophylium,2; Podvzamites 3; Otozamites, 4; Witleam- 
sonta, 1; Cycadiles, 1. 

Fririces.—Sphenopteris, 1; Dicisonia, 1; Alethopteris, 3; Macrotamopleris, 1; Glosso- 
pteris, 1; Sagenopterce, 1, 

Of these thirty species nine are regarded either as identical with forms found 
in the Middle Jurassic (Lower Oolitic) of England or as closely allied. 

The Cutch plants belong to the following genera® :— 

Conirerm.—Palissya, 3 sp.; Pachyphylinm, 1; Hchinostrubus, 1; Arauearites, 1. 

CR CEE soe hy ae 3; Otozamites,8; Cycadites, 1; Wiiliamsoniu, 1; Cycadole- 

he Oleandridium, 1; Tantopteris, 1; <Alethopleris, 1; Pecopteris,1; Pachypteris 

2; Actinopteris, 1. 

Of the twenty-two species enumerated, four are identified with specific forms 
found in the Middle Jurassic of Yorkshire, and seven others are closely allied. 
The Cutch and Jabalpur beds, in short, are intimately related with European fossil 
floras. 

One interesting fact should be mentioned. The Cutch flora occurs in the upper 
part of the Umia beds, the lower beds of which contain cephalopoda of Portlandian 
and Tithonian forms. In a lower subdivision of the Cutch Jurassic rocks, the 
Katrol group, shown by numerous Ammonites to be allied to Kimmeridge and 
upper Oxford beds of Western Europe, four species of plants have been found, of 
which three are met with in the Umia beds, and the fourth, an English oolitic 
form, in the Jabalpur series. This evidence seems in favour of the view that the 
flora underwent change more slowly than the marine fauna. 

It will be as well, before leaving the subject of the Gondwana groups, to show 
in a tabular form the geological age assigned to the flora and fauna of each 
separately, on the evidence afforded by comparison with the plants and animals 
known ‘from European formations. 
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PLANTS. ANIMALS. 





Cutch . . ° . | Middle Jurassic . . | Uppermost Jurassic 
? Neocomian (marine). 


Jabalpur . ° ° - | Middle Jurassic . ; — 
Fries ar Kota : : ‘ . = Lower Jurassic (Liassic). 
Maleri : ‘ ‘ . | Middle or Lower 
Jurassic . : . | Triassic, 
Rdéjmahél e e e e Rheetic e e e — 
Panchet . - ; - | Rhetic ‘ - | Triassic or Permian. 
Lower 
Gondwana Damuda . ‘ : . | MiddJe Jurassic . ~-. | Middle Jurassic? 
Karharbéri, Talchir . . | Lower Triassic . : aes 
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' Pal. Ind., ser. xi., pt. 2, 2 Pal. Ind., ser. xi., pt. 1. 
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Flora of Tonguin.—Quite recently M. Zeiller has described a series of plants 
from some coal-bearing beds in Tonquin.' This flora is very extraordinary in 
every respect. It consists of 22 species, and contains only two peculiar forms 
ten, or nearly one-half, are European species found in the lower Lias or Rhetic ; 
whilst of the remaining ten, five are Damuda forms—Noeggerathiopsis hislopi, 
Macroteentopteris feddent, Paleovittarta kurzt, Glossopteris browniana, and Phyl- 
lotheca indica, one species being common to the Newcastle beds and Carboniferous 
flora of Australia and two others closely allied to the forms there occurring, 
The other five are said to be Réjmahal forms, four Teniopteris or Angiopteridiwm 
and an Otozamites. M. GZeiller unhesitatingly classes the Tonquin beds as 
Rhetic. It is most singular that these coal-beds, although more distant from 
Europe by 18° of longitude than either the Damuda or Raéjmahal beds of India, 
contain a larger proportion of European fossil species than any known Indian 
plant-beds ; whilst the association in the same strata of upper and lower Gond- 
wana forms, if well ascertained, shows how hopeless is the attempt to classify 
these deposits by plant evidence alone. 

Australian Coal-Measures and Associated Beds.——In the notice of the lower 
Gondwana floras of India it was observed that there was a great resemblance 
between some of them and those found in certain beds of Australia. These latter 
present even a more remarkable instance of homotaxial perversity than do the 
Indian rocks. The Australian plant-bearing beds are found in Eastern and 
Southern Australia, Queensland, and Tasmania. For a knowledge of the geology 
of the country we are chiefly indebted to the writings of the late Mr. Clarke,* 
whilst the flora has been worked out by McCoy, Dana, Carruthers, and Feist- 
mantel, the last having recently published a much more complete account than 
was previously available.® 

The following are the fresh-water or subaérial beds of Australia, according 
to the latest classification :— 

6. Clarence River beds, New South Wales (Mesozoic carbonaceous of Queensland, Vic- 
toria, and Tasmania). 
Wianamatta beds, N. S. Wales. 
Hawkesbury beds, N. S. Wales (Bacchus Marsh sandstones, Victoria). 
Newcustle beds, N. S. Wales. 
Lower Coal-Measuros with marine layers interstratified, N. S. Wales. 
Lower Carboniferous beds, N. S. Wales. 

To a still lower horizon probably belong some beds in Queensland, containing 
Lepidodendron nothum and Oyclostigma. They are considered Devonian by Car- 
ruthers, and there are some ancient plant-beds in Victoria that may be of the 
Same period. 

1. Lower Oarbontferous Beds.—These underlie the beds with a Carboniferous 
marine fauna. The localities given are Smith’s Creek, near Stroud, Port Ste- 
phens, and Arowa. The following plants are enumerated :— 


LYCOPODIACER.— Cyclostigma, 1 sp.; Lepidodendron, 2 or 8; Kanorvia, 1. 


Pt $6 Oo mh 


1 Bull. Soc. Géol., ser, iii., vol. xi., p. 456. 

3 Q. J. G. &. 1861, p. 854, and Rewarke on the Sedimentary Formations of New South 
Wales, 1878, besides numerous other works. 

® Paleontographica.—Pal. «, mes. Flora im detl, Aust: alien, 1878-79. 
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Frvices.— Rhacopteris, 4; Archaopteris, 2 (7); Glossopteris, 1. 

EQUISETACER.— Calamites, 2; Sphenophylium, 1. 

This flora contains several species identical with those in the Lower Carbo- 
niferous (Bernician) of Europe, corresponding to the mountain limestone. The 
agreement both in homotaxis and position is the more remarkable because of the 
startling contrast in the next stage. The only peculiarity 1s the presence of a 
Glossopterts. This comes from a different locality—-Arowa—from most of the 
fossils, and the species is identical with one found in a much higher series. Under 
these circumstances it is impossible to feel satisfied that the specimen was really 
from this horizon. The evidence is not so clear as is desirable. 

2. Lower Coal-Measures with Marine Beds.—The following plants are re- 
corded :— 

CYCADEACER.— Noeggerathiopsis, 1 sp. 
FItices.— Glossopteris, 4. 
EQuiseTacek. —Annularia, 1; Phyllotheca, 1. 

In the marine beds, which are interstratified, are found lower Carboniferous 
(mountain limestone) marine fossils in abundance, such as Orthoceras, Spirifer, 
Fenestella, Conularia, &c. The plants belong to forms declared to be typically 
Jurassic by paleontologists. As the interstratification of the marine and plant. 
bearing beds has been repeatedly questioned by paleontologists, it is necessary to 
point out that the geological evidence brought forward by Mr. Clarke is of the 
clearest and most convincing character, that this evidence has been confirmed by 
all the geologists who are acquainted with the country, and has only been doubted 
by those who have never been near the place. 

3. Newcastle Beds.—By ail previous observers in the field these had been 
united to the preceding and the flora declared to be the same. Dr. Feistmantel 
has, however, pointed out important differences. Unfortunately, as he has been 
unable to examine the beds, it still remains uncertain whether the distinction, 
which has been overlooked by all the field geologists, is quite so great as it 
appears from the lists of fossils given. The following is the flora .— 

CoNIFERE.— Brachyphyllum, 1 sp. 

CYcaDREACcEx.— Zeugophylittes, 1; Noeggerathiopsis, 3. 

FrILices.—Sphenopteris, 4; Glossopteris, 8; Gangamopteris, 2; Caulopteris (?), 1. 
EquisEerackm.— Phyllotheca, 1; Vertebraria, 1. 

The only animal known from the beds is a heterocercal ganoid fish, Urosthenes 
australis, a form with Upper Paleozoic affinities. 

It will be noticed that the difference from the flora of the underlying beds 
associated with marine strata is chiefly specific, and by no means indicative of 
great difference of age, though the only species considered as common to the two 
by Dr. Feistmantel is Glossopteris browniana, found also in the Damuda series of 
India, in Tonquin, and in South Africa, 

The plant fossils of the Newcastle beds and of the underlying series with 
marine fossils are those which exhibit so remarkable a similarity to the flora of 
the Indian lower Gondwanas, and especially to the Damudas. The same genera 
of plants, especially Noeggerathiopsis, Glossopteris, Phyllotheca, Vertebraria prevail 
in both. But the lower beds of Australia, to judge by the marine fauna, are of 
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Lower Carboniferous age, and it is impossible to suppose that the Newcastle beds 
are of very much later date. They are said to be conformable to the lower beds 
with marine fossils, and even to pass into them, and they should probably, if the 
lower beds are Lower Carboniferous, be classed as Middle or U pper Carboniferous. 
Thus if the evidence of marine faunas be accepted as decisive, the Damuda beds 
of India are homotazxially related to Jurassic strata in Europe and to Carboni- 
ferous in Australia. 

But the Australian Newcastle flora has been quite as positively classed as 
Jurassic by European paleobotanists as that of the Damudas. It would be easy 
to quote a long list of authorities—McCoy, De Zigno, Saporta, Schimper, Carrn- 
thers, and others—in support of the Jurassic age of the Australian beds. for 
years the testimony of Australian geologists was rejected, and doubts thrown 
upon their observations. There is, so far as I know, no case in the whole history 
of palwontology in which the conflict of palseontological evidence has been so 
remarkably displayed. 

4. Hawkesbury Beds.—The fauna and flora are poor. Only two fish, Clithrolepis 
granulatus and Myriolepis clarkei, and one plant, Thinnfeldia odontopteroides, are 
known, and of the three forms two recur in the Wianamatta beds. 

An important character of the Hawkesbury beds, to which further reference 
will be made presently, is the oceurrence of transported boulders,’ apparently 
brought thither by the action of ice. 

Similar boulders have been observed in certain sandstones in Victoria known 
as the Bacchus Marsh beds. From these beds two species of Gangamopteris have 
been described by McCoy. Gangamopteris, it should be recollected, is a genus 
of ferns closely allied to Glossopteris and abundant in the Damuda and still more 
so in the Karharbari beds of the lower Gondwanas in India. 

5. Wianamatia Beds.—These are the highest portion of the whole system in 
New South Wales. They contain the following organic remains :— 


ANIMALS. 


Pisces.— Pale@oniscus antipodeus, Citthrolepis granulatus. 


PLANTS. 
Fririo‘s.—Thennfeldia (Pecopteris) odontopteroides, Odontopteris microphylla, Pecopteris 


tenut/oka, Tentopteris wianamatia. 
EqQuiIsBeracez.— Phyllotheca hookers. 


The fish from the Wianamatta, Hawkesbury, and Newcastle beds, four in 
number, were considered as a whole by Sir P. Egerton to be most nearly allied to 
the Permian fauna of Europe. 

The Wianamatta plants, like those in the lower beds, are classed as Jurassic. 

6. Higher Mesozoic Beds.—These, which do not appear to have been traced into 
connection with the Wianamatta and Hawkesbury beds, oecur in widely separated 
localities, from Queensland to Tasmania. The correlation of these widely scattered 
deposits, and the assignment of them collectively to a position above that of the 


3 Wilkinson, quoted by Feistmantel, Rec. Geol. Surv. Ind., 1880, p. 250. 
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Wianamatta beds, appear solely founded upon the fossil flora, and it would be 
satisfactory to have in addition some geological evidence or some paleontological 
data derived from marine fossils. The Queensland flora is said to occur in beds 
overlying marine strata of Middle Jurassic age. 


The following plants are recorded from these higher beds :— 


CYCADEACEE.— Zamttes (Podozamites), 3 sp.; Olozamifes, 1. 

Finicrs.— Sphenopteris,1; Thinnfeldia,1; Cyclopteris,1; Alethopteris,1; Tamupteris, 1 ; 
Sagenopteris. 1. 

EquiszetacEx.— Phyllotheca, 1. 


Tabulating, as in the case of the Indian Gondwana system, the age of the 
different Australian sub-divisions as determined by their fossil plants and animals 
on purely paleontological grounds, we have the following result :— 
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Plants. Animals, 
6. Higher Mesozoic beds . . | Jurassic : : . | Jurassic (marine). 
5. Wianamatta beds. . ‘ .| Jurassic ‘ ; . | Permian, 
4. Hawkesbury beds. . . | Jurassic ‘ : . | Permian. 
3. Newcastle beds ° . . | Jurassic : : . | Permian. 
2. Lower Coal-Measures ‘ . | Jurassic . ‘ . | Lower Carboniferous (marine). 
1. Lower Carboniferous beds . . | Lower Carboniferous 


South Africa.—In connection with the later Paleozoic and older Mesozoic 
rocks of Australia and India it is of importance to mention briefly the correspond- 
ing fresh-water or subaérial formations of Southern Africa, althongh in that 
country there are not such marked discrepancies in the paleontological evidence, 
perhaps because the relations of the beds with remains of animals to the plant- 
bearing strata are less clearly known. It will be sufficient to notice some of the 
most prominent peculiarities of these formations here, as I hope that a fuller 
account will be given to the section by Professor Rupert Jones, who has made an 
especial study of South African geology. 

In the interior of South Africa, occupying an immense tract in the northern 
parts of Cape Colony, the Orange Free State, Transvaal, and the deserts to the 
westward of the last two, there is a great system of sandstones and shales with 
some coal-beds, generally known as the ‘ Karoo formation.’ The sequence of sub- 
divisions is the following!:— 

Stormberg beds, about 1,800 feet thick. 


Beaufort 93 99 1,700 ,, 9 
Koonap 99 99 1,500 ,, 9 


The beds are but little disturbed in general, and form great plateaux. They rest 
partly on Palsozoic rocks (Carboniferous or Devonian), partly on gneissic forma- 


1 Q. J. G. &., xxiii, 1867, p. 142. 
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tions. As in Australia, the underlying Palwozoic rocks contain a flora allied to 
the Carboniferous flora of Europe. 

At the base of the Karoo formation are certain shales with coal, known as the 
Keca beds, and remarkable for containing a great boulder-bed, the Ecca or Dwyka 
conglomerate,! like those in the Talchir beds in India and the Hawkesbury sand- 
stone in Australia, the boulders, precisely as in the Télchir beds, being embedded in 
fine compact silt or sandstone, which in both countries has been mistaken for a 
volcanic rock. The Ecca beds are said to contain Glossopteris and some other 
plants, but the accounts are as yetsomewhat imperfect. The whole Karoo system, 
according to the latest accounts, rests unconformably on the Ecca beds, whilst the 
Ecca beds are conformable to the underlying Paleozoic strata, 

Unfortunately, although a considerable number of animals and a few plants 
have been described from the ‘ Karoo formation,’ it is but rarely that the precise 
sub-division from which the remains were brought has been clearly known. 

The known species of plants are very few in number; Glossopteris browniana, 
and two other species of Glossopteris,? Rubidgea, a fern nearly akin to Gangamo- 
pterts and Glossopteris, and a Phyllotheca-like stem are recorded, without any 
certain horizon, but probably from the Beaufort beds. There is no doubt as to 
the close similarity of these plants to those from the Damudas of India and the 
Newcastle beds of Australia. 

From the Stormberg beds there are reported Pecopteris or Thinnfeldia odonto- 
pteroides, Cyclopteris cuneata, and Teniopferis daintreei,s three of the most 
characteristic fossils of the uppermost plant-beds in Australia, and all found in 
the Upper Jurassic Queensland beds. 

The animals found in the Karoo beds* are more numerous by far than the 
plants. The greater portion have been procured from the Beaufort beds. They 
comprise numerous genera of dicynodont, theriodont, and dinosaurian reptiles, 
two or three genera of labyrinthodont amphibians, some fish allied to Paleoniscus 
and Amblyplerus, and one mammal, Tritylodon. Of the above the Tritylodon and 
some reptilian and fish remains are said to be from the Stormberg beds. 

Tritylodon is most nearly related toa Rhetic European mammal. The relations 
of the reptiles called Theriodontia by Sir R. Owen are not clearly defined, but 
representatives of them and of the Dicynodontia as already noticed are said to be 
found in the Permian of Russia. The Glossopteris and its associates may of course 
be classed as Carboniferous or Jurassic, according to taste. Neither the fauna nor 
flora show sufficiently close relations to those of any European beds for any safe 
conclusions as to age, even if homotaxis and synchronism be considered identical. 
On the other hand there are remarkable points of agreement with the faunas and 
floras of the Indian and Australian rocks, 

Away from the typical Karoo area on the coast south of Natal there is found a 
series of beds, partly marine, sometimes called the Uitenhage® series. A few 


2 Sutherland, Q. J. G. S., xxvi, p. 614. 

= One classed by Tate as Dectyopteris, Q. J. G. &., xxiii, p. 141, 

3 Dunn, ‘ Report on Stormberg Coal-Field,’ Geol. Mag., 1879, p. 652. 
4 Owen, ‘Cat. Foss. Rept. 8. Africa, Brit, Mus., 1876, &c. 

* Q. J. G. &., xxvii, p. 144, 
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cycads (Otozamites, Podozamites, Pterophyllum), @ conifer, and ferns (Pecopteris or 
Alethopteris, Sphenopteris, Oyclopteris) are quoted from them, and three or four of 
the forms are closely allied or identical with species found in the Réjmahal beds 
of India. 

It was at first supposed that the plant-bearing beds wore lower in position than 
those containing marine fossils, and the whole of the Uitenhage series was con- 
sidered as of later age than the Karoo beds. The marine beds were considered 
Middle Jurassic, Subsequently, however, Stow! showed conclusively that a por- 
tion of the marine beds, judging by their fossils, are of uppermost Jurassic or even 
Neocomian age, and also that the relation of the plant-bearing beds to the marine 
Strata are far less simple than was supposed.* Indeed, to judge from Stow’s ac- 
count, it is by no means clear that a portion of the wood-bed series or saliferous 
series, to which the plant-beds belong, is not higher in position than the marine 
Jurassic strata. 

There is a very extraordinary similarity between the geology of the southern 
part of Africa and that of the peninsula of India. In both countries a thick fresh- 
water formation, without any marine beds intercalated, occupics a large area of 
the interior of the country, whilst on the coast some marine Jurassic and creta- 
ceous rocks are found, the former in association with beds containing plants, 
The coincidence is not even confined to sedimentary beds. As in India so in 
South Africa, the uppermost inland Mesozoic fresh-water beds are capped by vol- 
canic rocks. 

It has been assumed, but not apparently on any clear evidence, that the 
marine coast-beds and the associated plant-beds are in Africa much newer than 
the inland sandstone formation, but it is not impossible that the relations may 
really be the same as in India, and that the Stromberg beds of the inland forma- 
tion may be the equivalents of the Upper Jurassic or even the cretaceous marine 
beds on the coast. The discovery of plants identical with those of the Jurassic 
qprobably Upper Jurassic) beds of Queensland in the Stormberg series may of 
course be taken for what it is worth; it is of quite as much importange in 
indicating the age of the rocks as the occurrence of dicynodont reptiles in the 
Permian of Russia and in the lower Gondwanas of India. 

Altogether there is quite sufficient probability that the upper Karoo or Storm. 
berg beds are of later age than Triassic to justify the protest which I made last 
year against a skull being described from these beds as that of a ‘ Triassic’ mam- 
mal, The practice, so common amongst paleontologists, of positively asserting 
as a known fact the geological age of organisms from beds of which the geologi- 
cal position is not clearly determined, is very much to be deprecated. 

I have called attention to the occurrence of boulders in the TAlchir beds in 
India, the Ecca beds of South Africa, and the Bacchus Marsh sandstones and 
Hawkesbury beds of Australia. The idea has occurred quite imdependently to 
several different observers that each of these remarkable formations affords 
evidence of glacial action; and although, in the case of India especially, the 


1 Q. J. G. S, xxvii., p. 479. 
2 Z.c., pp. 505, 511, 518, &e. 
3 Q.J7. G. &., xl, p. 146. 
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geographical position of the boulder-bed within tho tropics seemed for a long time 
to render the notion of ice action too improbable to be accepted, further evidence 
has so far confirmed the view as to cause it to be generally received. Even before 
the Australian boulder-deposits had been observed it was suggested that the 
Talchir beds and Ecca conglomerate might be contemporaneous,} and that the 
evidence in favour of a Glacial epoch having left its traces in the Permian beds 
of England* might possibly indicate that the Indian and South African boulder- 
beds are of the same geological epoch. The discovery of two similar deposits in 
Australia adds to the probability that all may have resulted from the same cause 
and may record contemporaneous phenomena. It would be very unwise to insist 
too much on the coincidence. 


It would be easy to call attention to further examples of discrepancies in 
paleontological evidence, but I should weary you and nothing would be attained 
by going through instance after instance of deposits in distant parts of the world, 
the age of which has been solely determined by the examination of a few fossil 
forms of land and fresh-water animals and plants. I have, therefore, only taken 
a few with the details of which I have had occasion to become acquainted. In 
some of the most important cases I have mentioned, such as those of the Pikermi 
and Siwalik faunas, the Cutch (Umia beds) flora and that in the lower coal- 
measures of Australia, the conflict is between the evidence of the marine and 
terrestrial organisms, Manifestly one or the other of these leads to erroneous 
conclusions. 

The general opinion of geologists is in favour of accepting the evidence of 
marine organisms. The reason is not far to seek. So far as I am aware, no case 
is known where such an anomaly as that displayed in the Gondw4nas of India has 
been detected amongst marine formations of which the sequence was unquestioned: 
In the Gondwanas we have a Rheetic flora overlying a Jurassic flora, and a Triassic 
fauna above both. In Australia we finda Jurassic flora associated with a Car- 
boniferous marine fauna, and overlaid by a Permian fresh-water fauna. The only 
similar case amongst marine strata is that of the well-known colonies of the late 
M. Barrande in Bohemia, and in this instance the intercalation of strata contain- 
ing later forms amongst beds with older types is disputed, whilst the difference in 
age between the faunas represented is not to be compared to that between Triassic 
and Jurassic. 

There is, however, another and an even stronger reason for accepting the 
evidence of marine instead of that afforded by terrestrial and fresh-water animals 
and plants. If we compare the distribution of the two at the present day we 
shall find a very striking difference, and it is possible that this difference may 
afford a clue to the conditions that prevailed in past times, 

Wanderers into what they fancy unexplored tracts in paleontology are very 
likely to find Professor Huxley’s footprints on the path they are following. I have 
had occasion to turn to a paper of his on Hyperodapedon,* that very curious reptile 

1 Q. J. @. &., xxxi., p. 528, 


2 Q. J. G. &., xi. p. 185. 
3 Q. J. G. &., xxv., p. 150. 
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already mentioned,'of which the remains occur both in Great Britain and in India, 
and I find the following remarks, which appear so exactly to express a portion of 
the view to which I wish to call your attention, that I trust I may be excused for 
quoting them. Professor Huxley writes :— 

‘It does not appear to me that there is any necessary relation botween the 
fauna of a given land and that of the seas of itsshores. The land-fauns of Britain 
and Japan are wonderfully similar; their marine faune are in several ways 
different. Identical marine shells are collected on the Mozambique coast and in 
the easternmost islands of the Pacific; whilst the faunee of the lands which lie 
within the same range of longitude are extraordinarily different. What now 
happens geographically to provinces in space is good evidence as to what, in 
former times, may have happened to provinces in time; and an ecasontially 
identical land-fauna may have been contemporary with several successive marine 
faune, 

‘At present our knowledge of the terrestrial faunw of past epochs is so slight 
that no practical difficulty arises from using, as we do, sea-reckoning for land-time. 
But I think it highly probable that sooner or later the inhabitants of the land will 
be found to have a history of their own.’ 

When these words were written more than fifteen years ago very few of the 
geological details to which I have called your attention were known, I need not 
point out how wonderful a commentary such details have afforded to Professor 
Huxley’s views. 

I have no desire to quote authority. I fear that in the facts I have been 
laying before you my quotations of the most authoritative writers have been mado 
less for the purpose of showing reverence than of expressing scepticism. My 
reason for calling attention to Professor Huxley’s views is different. I entirely 
agree with them; but there is, I think, something to be added to them. There 
is, I believe, an additional distinction between land and marine faunas that 
requires notice, and this distinction is one of very great importance and interest. 
It appears to me that at the present day the difference between the land-faunas of 
different parts of the world is so vastly greater than that between the marine 
faunas that if both were found fossilised, whilst there would be but little difficulty 
in recognising different marine deposits as of like age from their organic remains, 
terrestrial and fresh-water beds would in all probability be referred to widely 
differing epochs, and that some would be more probably classed with those of a 
past period than with others of the present time. 

I had proposed to enter at some length into this subject, and to attempt a 
sketch of the present state of our knowledge concerning the distribution of terres- 
trial and marine faunas and floras. But I found that it was impossible to do 
justice to the question without making this address far longer than is desirable, 
and I have already taken up more time than I ought to have done. I can there- 
fore only treat the subjects very briefly. 

As you are doubtless aware, the most important work upon the distribution of 
terrestrial animals yet published is that of Mr. Wallace. He' divides the earth's 


1 Dr. P. L. Sclater was the original author of the sub-division adopted by Mr. Wallace. 
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surface into six regions—Palearctic, Ethiopian, Oriental, Australian, Neotropical, 
and Nearctic. Some naturalists, with whom I am disposed to agree, consider 
Madagascar and the adjacent islands a seventh region, and it is possible that one 
or two other additions might be made. 

These regions are essentially founded on the distribution of vertebrata, 
especially mammals and birds, and the following table, taken from Wallace’s lists, 
shows the percentage of peculiar families of vertebrata and peculiar genera of 
mammalia in each region, mammalia being selected as being more characteristic 
than birds and better known than reptiles, amphibians, or fishes :— 





Reerons. fiance of | Peculiar of Pocullar Gonscaot Sonera et of Peculiet 
Vertebrates, | Families. | ‘Families. | Mammals. | Mammals, | Genera. 
Palearctic , ; : 137 3 2°2 100 37 37 
Ethiopian . . , 175 28 18°1 142 90 63 
Oiiental . . : 168 12 74 118 54 46 
Australian . ; : 142 30 211 70 45 65 
Neotropical é ‘ 168 45 268 13] 103 79 
Nearctic ‘ : 121 12 9:9 74 24 32 





ae — a tee —— 


The marine mammals and reptiles are too few in number to be compared with 
the land-fauna, but whales, porpoises, seals, sirenians, turtles and sea-snakes are 
for the most part widely diffused. The best class of the vertebrata for compari- 
son is that of the fishes, and some details taken by Wallace from Ginther’s 
‘British Museum Catalogue’ are very important, The whole class is divided 
into 116 families, of which 29 are exclusively confined to fresh water, whilst 80 
are typically marine. Of these 80 no less than 50 are universally, or almost 
universally, distributed, whilst many others have a very wide range. Four fami- 
lies are confined to the Atlantic and 18 to the Pacific Ocean, whilst a few more 
are exclusively southern or northern. About 63 are found in both the Atlantic 
and Pacific, 

Now, of the 29 fresh-water families, 15, or more than one-half, are confined 
each to a single region, 9 are found each in two regions, 2 in three regions, and 
the same number in four; one only (Oyprinide) is found in five regions, whilst 
not one is met with in all six. It is impossible to conceive a greater contrast : 
50 marine families, or 62°5 per cent., have a world-wide distribution, whilst not a 
single fresh-water family has an equally extended range, and more than one-half 
are confined each to a single region. 

The regions adopted by Wallace, as already stated, are founded on the verte- 
brata ; he considers, however, that the distribution of the invertebrates is similar. 
So far as the terrestrial mollusca are concerned, I am inclined to dissent from this 
view. But for one circumstance the mollusca would afford an admirable test of 
the theory that marine types—species, genera, and families—are much more 
widely spread than terrestrial, I am assured that this is the case, but the 
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difficulty of proving it arises from the fact that the classification of pulmonate 
terrestrial mollusca, as adopted by naturalists generally, is so artificial as to he 
worthless. Genera like Helix, Bulimus, Achatina, Pupa, Vitrina, as usually 
adopted, are not real genera, but associations of species united by characters of 
no systematic importance, and the attempts that have hitherto been made at a 
natural classification have chiefly been founded on the shells, the animals not 
being sufficiently known for their affinities, in a very large number of cases, to 
be accurately determined. Of late years, however, more attention has been 
devoted to the soft parts of land mollusks, and in Dr. Paul Fischer’s ‘Manuel de 
Conchyliologie’ now being published, a classification of the Pulmonate Castero- 
poda is given, which, although still imperfect for want of additional information, 
is a great improvement upon any previously available. In this work the first 
13 families of the Pulmonata Geophila comprise all the non-operculate land 
mollusca, or snails and slugs, and these 13 families contain 82 genera thus 
distributed :— 


Peculiar to one of Wallace’s land regions . 54 


Found in more than one, but not in both pry and ‘the Rastern 
hemisphere. ° 7 ‘ : : . . ‘ 12 
Common to both hewiapheres ‘ a : . ‘ : ‘ 16 


The last 16, however, include Limaz, Vitrina, Helsz, Pipa, Vertigo, and some 
other genera which certainly need further repartition. The operculated land. 
shells belonging to a distinct sub-order, or order, and closely allied to the ordinary 
prosobranchiate gasteropoda, are better classified, the shells in their case affording 
good characters. They comprise four well-marked families (Helicinide, Cyclo. 
stomida, Oyclophoride, and Diplommatinide), besides others less well marked or 
but doubtfully terrestrial. Not one of the families named is generally distributed, 
and the genera are for the most part restricted to oneor two regions The portion 
of Dr. Fischer’s manual relating to these mollusca is unpublished, and the latest 
general account available is that of Pfeiffer, published in 1876.! From this 
monograph I take the following details of distribution. The number of genera 
enumerated is 64 (including Proserpinide). 


Peculiar to one of Wallace’s land regions . 48 

Found in more than one, but not in both Avietiiea: and the Rastern 
hemisphere ; ‘ ° : : ; ‘ . : 8 

Common to both hemispheres ‘ . ° ° F : 8 


It is the distribution of the terrestrial operculate mollusca which induces me 
to suspect that the distribution of land mollusca differs from that of land verte- 
brates. One instance I may give. There is nowhere a better marked limit to 
two vertebrate faunas than that known as Wallace’s line separating the Austra- 
lian and Oriental regions, and running through the Malay archipelago between 
Java, Sumatra, and Borneo, on the one hand, and Papua with the neighbouring 
groups on the other. There is in the two regions a very great difference in the 
vertebrate genera, and a considerable replacement of families. The Oriental ver- 
tebrata contain far more genera and families common to Africa than to Australia. 
Now, the operculate land-shells known from New Guinea and Northern Australia 


1 Monographia Pnemonopomorum Viventium Supp. iii, 
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belong to such genera as Cyclophorus, Cyclotus, Leptopoma, Pupinella, Pupina, 
Diplommatina, and Helicina. all found in the Oriental region, and mostly charac 
teristic of it, whilst the only peculiar types known are Leucoptychia, closely allied 
to Leptopoma, from New Guinea, and Heterocyclus, apparently related to the 
Indian Cyathopoma, from New Caledonia. Farther east in Polynesia there are 
some very remarkable and peculiar types of land-shells, such as Achatinella, but 
these do not extend to Australia or Papua. On the other hand, scarcely a single 
Oriental genus extends to Africa, the terrestrial molluscan fauna of which con- 
tinent differs far more from that of the Oriental region than the latter does from 
that of tropical Australia. 

The same is the case with plants. In an important work lately published 
by Dr. O. Drude, of Dresden, the tropics of the Old World are divided into three 
distinct regions—(1) tropical Africa; (2) the East African Islands, Madagascar, 
&c.; (3) India, South-Eastern Asia, the Malay archipelago, Northern Australia, 
and Polynesia. 

A very large proportion of the families and even of the genera of marine 
mollusca are almost of world-wide distribution, and even of the tropical and 
sub-tropical genera the majority are found in all the warmer seas. I have no 
recent details for the whole of the marine mollusca, but a very fair comp*rison with 
the data already given for land-shells may be obtained from the first 25 families 
of Prosobranchiate Gasteropoda, all that are hitherto published in Fischer’s 
manual. These 25 families include Conidae, Olivide, Volutide, Buccinide, Murt- 
cide, Oypreide, Sirombide, Cerithiide, Planazide and their allies, and contain 
116 living marine genera, the known range of which is the following :— 


Found only in the Atlantic Ocean : . 7 : . J5 
Found only in the Pacific or Indian Ocean, or both ‘ . . . 28 
Found only in Arctic or Antarctic Seas, or in both : . ; ; ee 
Found in the warmer parts of all oceans ; * « : . 34 
Widely, and for the most part universally, distributed ‘ ° ‘ . 27 
— 61 


That is, 52°6 per cent. are found in both hemispheres, whilst only 19°5 per cent. of 
the inoperculate, and 12°5 per cent. of the operculate Jand mollusca, have a 
similar distribution. This is, however, only an imperfect test of the difference, 
which is really much greater than these numbers named imply by themselves. 

Some genera of fresh-water mollusca, as Unto, Anodon, Oyclas, Lymnea, 
Planorbis, Paludina, and Bythinia, are very widely spread, but a much larger 
number are restricted. Thus if Unio and Anodon are extensively distributed, all 
allied fresh-water genera, like Monocondylwa, Mycetopus, Iridina, Spatha, Castalia, 
4itheria, and Miilleria inhabit one or two regions at the most. The same result 
is not found from taking an equally important group of marine mollusca, such as 
Veneride or Oardiada. 

Throughout the marine invertebrata, so far as I know, the same rule holds 
good: a few generic types are restricted to particular seas; the majority are 
found in suitable habitats throughout a large portion of the globe. The marine 
provinces that have been hitherto distinguished, as may be seen by referring to 
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those in Woodward’s ‘ Manual of the Mollusca,’ or Forbes and Godwin Austen's 
‘ Natural History of the European Seas,’ or ‘ Fischer’s ‘Manuel de Conchyliologie,’ 
or Agassiz’s ‘Revision of the Echini,’ are founded on specific distinctions, whilst 
the terrestrial regions are based on generic differences, and often on the presence 
or absence of even larger groups than genera. 

Botany offers a still more remarkable example. I have just referred to 
Dr. Oscar Drude’s work,! published within the last few months, on the distribu- 
tion of plants. Dr. Drude divides the surface of the globe into four groups of 
floral regions (Florenreichsgruppe), and these again into floral regions (Floren- 
retche), fifteen in number, which are again divided into sub-regions (Gebiete). The 
first group of floral regions is the oceanic, comprising all the marine vegetation of 
the world ; and so uniform is this throughout that no separate regions can be estab- 
lished, so that there is but one oceanic to contrast with fourteen terrestrial regions. 

It is impossible to enter further into this subject now, and I can only allude to 
the evidence in favour of the existence of land-regions in past times. It is scarcely 
necessary to remind you of the proofs already accumulated of differences between 
the fauna of distant countries in Tertiary times. The Eocene, Miocene, and 
Pliocene vertebrata of North America differ quite as much from those of Europe 
in the same periods as do the genera of the present day ; and there was as much 
distinction between the mammalia of the Himalayas and of Greece when the 
Siwalik and Pikermi faunas were living as there is now. In Mesozoic times we 
have similar evidence, The reptiles of the American Jurassic deposits present 
wide differences from those of the European beds of that age, and the South 
African roptilian types of the Karoo beds are barely represented elsewhere. But 
there 1s no reason for supposing that the limits or relations of the zoological and 
botanical regions in past times were the same as they now are. It is quite certain 
indeed that the distribution of land-areas, whether the great oceanic tract has 
remained unchanged in its general outlines or not, has undergone enormous varia- 
tions, and the migration of the terrestrial fauna and flora must have been depen- 
dent upon the presence or absence of land communication between different 
continental tracts ; in other words, the terrestrial regions of past epochs, although 
just as clearly marked as those of the present day, were very differently distributed. 
The remarkable resemblance of the floras in the Karoo beds of South Africa, the 
Damuda of India, and the coal-measures of Australia, and the wide difference of 
all from any European fossil flora, is a good example of the former distribution of 
life ; whilst it is scarcely necessary to observe that the present Neotropical and 
Australian mammals resemble those of the sama countries in the later Tertiary 
times much more than thcy do the living mammalia of other regions, and that the 
Australian mammal fauna is in all probability more nearly allied to the forms of 
life inhabiting Europe in the Mesozoic era than to any European types of later 
date. If the existing mammals of Australia had all become extinct, a deposit 
containing their bones would probably have been classed as Mesozoic. 

The belief in the former universality of faunas and floras is very much con- 
nected with the idea once generally prevalent, and still far from obsolete, that the 
temperature of the earth’s surface was formerly uniform, and that at all events 


2 Petermann’s Mittheilungen, Erginzungsheft, No 74, ‘ Die Florenreiche der Erde.’ 
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until early or even middle Tertiary times the poles were as warm as the equator, 
and both enjoyed a constant tropical climate. The want of glacial evidence from 
past times in Spitzbergen and Greenland, where a temperature capable of support- 
ing arboreal vegetation has certainly prevailed during several geological periods, 
is counterbalanced by the gradually accumulating proofs of Lower Mesozoic or 
Upper Paleozoic glacial epochs in South Africa, Australia, and strangest of all 
in India. Even during those periods of the earth’s history when there is reason 
to believe that the temperature in high latitudes was higher than it now is, evi- 
dence of distinct zones of climate has been observed, and quite recently Dr. 
Neumayr,' of Vienna, has shown that the distribution of Cretaceous and Jurassic 
cephalopoda throughout the earth’s surface proves that during those periods the 
warmer and cooler zones of the world existed in the same manner as at present, 
and that they affected the distribution of marine life as they do now. 

The idea that marine and terrestrial faunas and floras were similar throughout 
the world’s surface in past times is so ingrained in paleontological science that it 
will require many years yet before the fallacy of the assumption is generally 
admitted. No circumstance has contributed more widely to the belief than the 
supposed universal diffusion of the Carboniferous flora. The evidence that the 
plants which prevailed in the coal-measures of Europe were replaced by totally 
different forms in Australia, despite the closest similarity in the marine inhabitants 
of the two areas at the period, will probably go far to give the death-blow to an 
hypothesis that rests upon no solid ground of observation. In a vast number 
of instances it has been assumed that similarity between fossil terrestrial fannas 
and floras proves identity of geological age, and, by arguing in a vicious circle, the 
occurrence of similar types assumed without sufficient proof to belone to the same 
geological period has been alleged as evidence of the existence of similar forms 
in distant countries at the same time. 

In the preceding remarks it may perbaps have surprised some of my auditory 
that I have scarcely alluded to any American formations, and especially that I have 
not mentioned so well-known and interesting a case of conflicting paleontological 
evidence as that of the Laramie group. My reason is simply that there are 
probably many here who are personally acquainted with the geology of the 
American Cretaceous and Tertiary beds, and who are far betier able to judge than 
I am of the evidence asa whole. To all who are studying such questions in 
America I think it will be more useful to give the details of similar geological 
puzzles from the Eastern hemisphere than to attempt an imperfect analysis of 
difficult problems in the great Western continent. 

Perhaps it may be useful, considering the length to which this address has 
extended, to recapitulate the principal facts I have endeavoured to bring before 
you. These are— 

1. That the geological age assigned on homotaxial grounds to the Pikermi and 
Siwalik mammalian faunas is inconsistent with the evidence afforded by the 
associated marine deposits. 


4 «© Ueber klimatieche Zonen wihrend der Juras und Kreidezeit,’ Denkechr. Math. Nat. Cl. 
Akad. Wiss. Wien, vol. xlvii. 1883. 
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2. The age similarly assigned on the same data to the different series of the 
Gondwé&na system of India is a mass of contradictions ; beds with a Triassic fauna 
overlying others with Rheetic or Jurassic fioras. 

3. The geological position assigned on similar evidence to certain Australian 
beds is equally contradictory, a Jurassic flora being of the same age as & 
Carboniferous marine fauna. 


4, The same is probably the case with the terrestrial and fresh-water faunas and 
floras of South Africa. 

5. In instances of conflicting evidence between terrestrial or fresh-water 
faunas and floras on one side, and marine faunas on the other, the geological age 
indicated by the latter is probably correct, because the contradictions which prevail 
between the evidence afforded by successive terrestrial and fresh-water beds are 
unknown in marine deposits, because the succession of terrestrial animals and 
plants in time has been different from the succession of marine life, and because in 
all past times the differences between the faunas and floras of distant lands have 
probably been, as they now are, vastly greater than the differences between the 
animals and plants inhabiting the different seas and oceans. 

6. The geological age attributed to fossil terrestrial faunas and floras in distant 
countries on account of the relations of such faunas and floras to those found in 
European beds has proved erroneous in so large a number of cases that no similar 
determinations should be accepted unless accompanied by evidence from marine 
beds. It is probable in many cases—perhaps in the majority—where the age 
of beds has been determined solely by the comparison of land or fresh-water 
animals or plants with those found in distant parts of the globe, that such deter- 
minations are incorrect. 


Afghan Field-notes by C. L. Grirspacu, F.G.S., Geological Survey of India (on 
duty with the Afyhan Boundary Oommission). 

The march of the Afghan Boundary Commission was first from Quetta to 
Nushki, after crossing the Lora south of the Pishin valley ; 
from Nushki to Khwaja Ali on the Helmund (east of 
Rudbar) by long and weary marches. We followed the river down to Chahar 
Burjak, where we crossed it. From this point we went in a more or less north- 
ward direction through Kalah-i-Fath past the Helmund Lakes to Lash-Juwain, 
through the Anardara pass, and passing Sabzawaér westwards, to Pahri and even- 
tually to Kuhsd4n on the Hari Rud, avoiding Herat altogether. Here General Sir 
Peter Lumsden, K.C.B., joined our party under Colonel Ridgeway. 

On the 25th November, the General witk a small party left us to go vid 
Chasm-Sabz (not on the old maps) and Panjdeh to these our winter quarters on 
the Murghab river. We followed next day by another route to Kushk, finally all 
meeting at Béla Murghéb. At Kushk, I obtained permission to go off by myself 
on a geological trip; I returned to the Herat valley by the Band-i-Baba, went to 
within a mile of Herat city, afterwards returning over the Band-i-Zurmust to 
Kila Nau and to Bala Murghab. 


Route. 


H 
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The march from India to the valley of the Murgh&b has taken us from East- 
ern Biluchistan, which belongs to the Indus drainage 
into the Lora and Helmund basins (Seistan, &c.) and 
thence over the great watershed south of Herat, into the Central Asian basin 
of the Hari Rud and the Murghiéb. The watershed which divides Southern 
Afghanistan from Central Asia, is formed as far as we know by the range of 
mountains called on our maps the Siah Koh, with its western continuation, the 
Doshakh mountains. 

There seems to exist a marked difference in the geological features of the 
areas divided by this great range, and I intend therefore to treat them separately 
in these notes. 

The time was too limited to admit of a regular geological survey of the coun- 
try traversed, but I believe the notes collected with the experience gained in my 
former work in Afghanistan has enabled me to come to fairly accurate conclusions 
with regard to the geology of the country. 

As will even be clear from a view of the old map of Afghanistan! the country 

; lying between Nushki and the Helmund, with much of the 
spi Sin erinag area to the north of it, is nothing but a desert now, though 
water may be found in most localities by digging wells. 

The features of the whole area are similar to those described between Kanda- 
har and Quetta, consisting of more or less parallel ranges, which run between 
east—west and north-east—south-west, separated by wide stretches of dasht- 
deposits, which reach an enormous thickness in the Lower Helmund valley. 

The ranges which we crossed in succession south of the Helmund are merely 
continuations of ranges which I have described already in my memoir ox South- 
ern Afghanistan, and I may at once say that, with the exception of one or two 
points, I could not elucidate any new fact in relation to the rocks which compose 
the hill ranges south of the Doshakh range south-west of Herat; north of these 
hills the character of the rocks entirely changes, 

Between Quetta and Nushki, I crossed the “ Ghaziaband ” range at a point 

Ghasiaband range. south-west of my old route of 1880, and near the village 
of Karnak. I -wish I could have remained a few days in 
that neighbourhood ; there are several points of geology connected with the sec- 
tion of this range which are not at all clear to me. The country 1s now, however, 
quite accessible to any one, and will no doubt before long be carefully surveyed. 
The range is skirted on its south-east slope by clays, of red and greenish white 
colour, which re-appear in considerable thickness in the 
Lora basin. In 1880, [ believed them to represent the Gaj 
beds of Sind, which Mr, Blanford disputes, and I believe on good grounds. Since 
then I have had an opportunity of seeing the Siwalik rocks of the Derajat, 
Kohat district and the Trans-Indus Salt-range. There, eapecially in the latter 
area, a great thickness of red and greenish-white clays, sandstones and conglome- 
rates overlie the cretaceous beds, and are considered by Wynne to be represent- 
atives of the Lower Siwaliks, I was struck with the lithological likeness of these 
Trans-Indus Siwalik beds with what I remembered the Ghaziaband beds to be 


1 General Walker's map, 1 inch = $2 mile, 18838. 


River drainage. 


Siwaliks of Biluchistan. 
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T have had now a second opportunity of visiting the latter, and the resemblance of 
them to the Salt-range Siwaliks seems to me perfect. If my supposition is correct, 
then these beds do not represent Upper but the Lower Siwalik beds. Fossils I 
have none out of them. 


The greenish-grey sandstone and shales which compose the pass leading from 
Karnak to Panjpai, may be the same as the nummulitic 
a sandstones of sandstone (Flysch ?), which I saw in 1880 in the Ghazia- 
band pass; but if so, their character changes slightly 
towards the south-west. I believe the Karnak beds resemble rather the Khojak 
group of rocks. 
Between Panjpai and Nushki one crosses the hill ranges which form the 
; south-western spurs of the Khojak Amran mountains, and, 
pucion eds as I expected, the geological structure of the hills is the 
same ; the principal rocks are sandstones and hard splintery shales, all much 
contorted, of exactly the same lithological character as the Khojak beds. Near 
Kaisar, east of Nushki, I met traps and a granitic rock of similar characters to 
those of the trap and granitic rocks of Gatai and Dobrai, north of the Khojak. 
When I first crossed the latter pass in 1880, it seemed to me probable that the 
hippuritic limestones, which compose the isolated hills on the north-west side of the 
Khojak Amran range, dipped below the Khojak sandstone; I therefore believed 
the latter to belong to the upper cretaceous series, equivalent perhaps to the 
‘Vienna Sandstone” of the northern Alpe. Since then I have had an opportunity 
of actually crossing the Suleman range,' and I found there a formation of sand- 
stone and shales underlying the upper cretaceous beds of the Takht-i-Sulemdn, 
which appear to me to be of the same lithological character as the Khojak beds. 
If they represent these beds, then the latter would probably belong to the lower 
cretaceous series rather than the upper, and my interpretation of the broken sec. 
tion of the Khojak would be erroneous. A careful study of the hills between 
Panjpai and Nushki will, no doubt, settle this point. 
The valleys between the rugged hill ranges of this part of Biluchistan 
_ _ are partly filled by post-tertiary and recent deposits, mostly 
Ot Soni tiaries of Bil- gravels and clays, with a capping of a widely spread bed 
of conglomerate and breccia, which I also found forming 
extensive plains in Southern Afghanistan. 
Aerial formations in the shape of blown sand cover large tracts in these wide 
; : valleys, and practically all the level country between 
Benah Forma kone: Nushki and the Helmund is covered with sand-hills. It ig 
characteristic of them that they generally form low hills of crescent shape, with the 
horns and the scarp turned to leeward; the inclined plane formed by the currents 
of air are therefore generally dipping westwards and show a rippled surface, 
resembling closely the accumulations of drift snow on the high Himalayas, 
As the sand-hills gradually advance, they uncover here and there the beds 
below, which are generally a thin plastering of clays on the top of the conglo. 
merate already noticed.* 


1 Supra, Vol. XVII, part 4. 
3 Memuirs, Geol. Surv. Ind., XVIII, p. 14. 
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The higher hills between Nushki and Galichah are all formed of igneous 

rocks, most of them of a basic . At a few points 

a of the isolated masses of a granitic Ba appear, and : near 

Galichah (Malik Dokan) I met a calcareous contact rock 

with veins of gypsum and a serpentine with veins of chrysolite, which is quarried 
by the natives for ornamental purposes. 

At Galichah one enters the Lut, a great desert which stretches down to the 
Helmund river, and the greater part of which is covered with blown sand. 

The geological features of the western part of the Helmund area are extremely 
simple. All the higher ranges are the western and south- 
western continuations of offshoots from the Siah-Koh, and 
are composed of upper cretaceous beds (hippuritic limestone) with associated 
traps and syenitic granite. The limestone is fossiliferous 
throughout: hippurites are found in great numbers in all 
beds of this formation. Near the igneous rocks the lime- 
stone is converted into a fine-grained white marble, 

The contact rock between the hippuritic limestone and the trap is precisely 
of the same character as the rock which contains the gold 
near Kandahar, and is found in a similar position. It 
is tn situ north of Sher Buksh. 

The range north of Kala-i-Kah and the greater mass of the hills crossed 

af . between this point and Pahri are formed of hippuritic lime- 

a acc stone with intrusions of trap. The valley of the Karez-i- 
Dasht, north of the Anardara pass, is formed of syenitic granite, of later age 
and intrusive in the trap. 

Red and white clays, very like the beds of the Ghaziaband pass, near Quetta, 

form some of the lower ranges and plateaux between the 

Pos pei inieg of South trap hills of Sher Buksh and Pahri. Near the latter place 

, the beds of this formation are raised up and dip north-west 

ata varying angle. Near Chah Gazek I found some remains of mammalian 

bones in a bad state of preservation. Perhaps these beds 

are of Siwalik age. They are certainly older than the 

clays, sandstones, and conglomerates which overlie them, and which further south 
form widespread areas in the lower Helmund basin. 

The geological features of Afghan Seistan are extremely simple. Only later 
Afghan Seistan. tertiary and recent deposits are met with. The former are 
Newer tertiaries and of fluviatile and aerial origin, and overlie the coloured 

recent rocks. clays with mammalian remains of Chah Gazek. 

The prevailing rocks are clays, soft sandstones, and gravels, locally with enor- 
mous thicknesses of “ loess’? beds. The latter are thick unstratified beds of fine 
silt, with false-bedded sandy layers. Veins of gypsum are frequent, and cavities, 
occasionally still retaining some lignitic rootlets and stems of plants, are found 
throughout the deposit; such cavities are also characteristic of the ‘‘ loess ” deposits 
of Europe, which are now generally supposed to be of aerial origin. 

These beds form high scarps along the banks of the Helmund, and lower down 
along the eastern shores of the Hamin, where they are well exposed. In litholo=- 


The Helmund basin, 


Hippuritic limestone. 
Igneous rocks. 


Contact rock. 


Mammalian bones. 
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gical character they resemble the Upper Manchhars of the Nari gorge, near Sibi, 
of which they are probably an equivalent. 

Recent and post-tertiary deposits, soft sandstones and conglomerates, both 

™ a containing worn material from the neighbouring hill 
Oa and ranges, are found in considerable thickness in the Farah 
Rud, the Kash Rudak, and capping the mammalian beds 
of Seistan and Biluchistan. Locally the conglomerate is replaced by a hard 
limestone breccia (near Galichah in Biluchistan), but the group of rocks is every- 
where seen to overlap and even to rest quite unconformably on the underlying 
mammal beds of Seistan. They resemble in general character the post-tortiaries 
of Sind, of the Derajdt, and the Punjab. In general outlines the drainage which 
produced these beds must have been identical with the drainage of the rivers of 
the present day, though here and there the area may have been much more 
extended. 

The range which runs more or less with the 34° North latitude, and which on 

our maps bears the names of the Siah Koh and Doshakh 
Pri ra tbrpe eee mountains, marks a complete change in the geological 

structure of Central Asia. Whereas south of this range 
no older rocks than of the cretaceous period are known to exist, the Doshakh 
range itself consists of palesozoic rocks, and between them and the Tir-band-i- 
Turkistan range is a series of beds all dipping more or less north or north-east, 
and comprising the entire upper palesozoic and mesozoic series. 

Up to the present I obtained the following sections. In the Doshakh range, 
from Pahri to Zindajén (Herat valley) ; over the Chillin- 
gak pass, east of the Doshakh peaks, and from Zindajin 
to Robat-i-pai; in the Paropamisus, the Band '-i-Kaitu, the Band-i-Béba and 
the Band-i-Zurmust. Unfortunately these sections require connecting before I 
can form a perfectly clear idea about the structure of these mountain ranges, but 
I believe that I shall have another opportunity of crossing the Herat valley 
before leaving’ Afghanistan, to complete my work. I 
found the following groups of rocks in the area between 
the Doshakh range and the Tir-band-i-Turkistan :— 


In descending order :— 


Sections obtained. 


List of formations. 


Recent and post-tertiary - Alluvium of Hari Rud and Murghab sandstone and conglo- 
merates. 
Siwalike, Upper . : . Sandstones, grits, clays of Ghorian and Tirpul (Hari 
ud). 
ss Lower . ‘ . Red and white clays of Chesm Sabz, Sukhra (Murghéb). 


Cretaceous . ; ; . Tir-band-i-Turkestan beds. 

Jurassic . P . Kushk sandstones, Chakdn beds. 

Trias and Rhaetic . . Plant-beds of Band-i-Baéba, Zurmust and Narati. 
Permian? . . . - Talchir conglomerates, sandstones, and shales. Trap. 
Carboniferous . 7 . Prodactus beds of Robat-i-pai. 


In describing the rocks I will begin with the oldest formation, which was also 
the first noticed on entering the Central Asian region, 


3 Band = pass, 


62 Records of the Geological Survey of Indta. [voL. XVIIT. 


The Doshakh range appears to be formed of one or more great anticlinals. 
The south’ side of the range is composed of hippuritic 
limestone, but unfortunately I had no opportunity of 
finding out the relations of the cretaceous beds to the older rocks composing the 
main range. From what I could learn by crossing the Chillingak pass from 
Pahri to Zindajéu, and from a section made from the latter place to Robat-i-pai 
(near the centre of the Doshakh hills), it appears that a grey sandstone with 
friable shales, somewhat resembling in its lithological character the Khojak beds, 
is overlaid by hard dark-blue limestone with calcspar veins which contains 
carboniferous fossils in great abundance. There are several species of Producit, 
amongst them Pr. semi-reticulatus, Athyris roissyi, Fenestella, and corals. 

These limestones dip about 20° north to north-east below the alluvial deposits 
of the Hari Rud. Immediately north of Robat-i-pai, on the north side of the 
Hari Rud valley, all the older beds are hidden by extensive clay and sandstone 
beds of late tertiary age. 

A section through the Paropamisus vid the Ardewan pass (north of Herat) 
may probably reveal a continuous section, and this I hope to accomplish as soon 
as the weather becomes more favourable. 

The section over the Band-i-B&ba from Kushk to Herat is incomplete, as the 
route which I had to follow over the pass more often than 
not runs in the direction of the strike of beds and over 
the debris and recent deposits on the south slope of the range. 

I found north-east of Herat the low spurs which reach to within 1,500 yards 
of the city, and on which the Ziarat Khwaja Abdullab-i- 
Ansari at Ghazegah is built, to consist of a grey thinly 
bedded gneiss with granitic veims, dip north-east. The 
overlying beds I did not see, nor could I find again the carboniferous Productus 
limestone in the Band-i-Baba section. The part of the Paropamisus intervening 
between this point and the south side of the Band-i-Baba pass near Palezk&r I 
could not touch anywhere, but from the debris found on the great “fans” south 
of it, I should say that carboniferous beds will be found north of Herat. The 
Band-i-Baba is greatly contorted, and the centre range itself is formed by a great 
anticlinal, which is followed towards the east and south-east by a succession of 
folds, which probably are continued to the Davendar range. 

At the south side of Baba pass near Palezkar I found an extensive formation, 
all the beds of which dip to the east and south-east, 
seemingly quite unconformably to the gneiss of Ghazegah 
and the main range; I recognised it at once and without 
trouble as Talchir, the basal group of the Indian Gondwéina system. Boulder 
beds, conglomerates, greenish sandstones, and shales predominate, accompanied 
by red and yellow clays and interbedded trap. The latter is a feature which re- 
minded me at once of the boulder-bed of the Karoo formation of South Africa, 
Both the sandstove and the shales contain traces of planis, belonging to Verte- 
braria apparently. 

Whether these plant-beds rest unconformably on the carboniferous lime- 
stones, as the differing dip and strike would indicate, I am at present unable to 


Carboniferous. 


Band-i-Béba section. 


Hills near Herat, 
gneiss. 


Talchirs near Palez- 
kar. 
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say, but hope to settle this point before very long. I could not go east of 
Kurukh to the Davendar range, where probably the upper beds of the Gond- 
wanas would be met with. 

In the Baba pass the Talchirs seem to form the lowest beds of the anticlinal 

and are overlaid by a great thickness of sandstones, lime- 
ao it lg seid stones, and shales, which form the top of the pass and the 

long sloping plateau of the north limb of the anticlinal as 
far as Chakfn and Kushk. These beds I believe to represent the entire middle and 
upper Gondwana series. Plant-beds alternate with great thickuess of grits and 
sandstones, and a few partings of Ostrea beds (limestones) are found towards the 
upper half of the group. 

The sandstones and grits assume an enormous development towards the 

_ western portion of the Paropamisus; the Band-i-Kaiti is 
aa of Band-i- entirely composed of sandstones, grits, and conglomerates 
of the character of the Mahadeva sandstone. 

The Band-i-Zurmust shows a similar geological structure with one difference. 
Within the group of Talchirs, and towards the lower half 
of it, appears a grey limestone, containing coral remains 
and a Nautilus. Plant-beds overlie this limestone, and 
the north slope of the Zurmust with the Narati hill seems 
to be composed of plant-beds of middle Gondwana character. The upper strata 
of this series between Narati and Chakaén seem to have fewer plant-beds, whereas 
the Ostrea limestones increase in thickness. 

This group of rocks presents all the appearance of having been deposited 
along and near a sea-coast line; especially the upper 
portion of it north of the Zurmust must have been formed 
along a low sea coast probably of varying outlines, and we thus have beds pre- 
senting all the character of our Gondwénas with plants, the strata showing 
false bedding, alternating in the higher horizons with marine shell lime- 
stones, 

The plant beds are followed by thick strata of an earthy-white limestone of 

chalky texture, full of the casts of gasteropods and bivalves, 

genes é. cen of alternating with a white calcareous sandstone with numer- 

ous bivalves. These beds form a belt north of the Paro- 

pamisus, and are well seen between Kushk and Kila Nad, wherever the affln- 
ents of the Kushk and Murgh4ab rivers form deep ravines in the plateaux. 

I believe this white shell limestone series belongs to the upper jurassic epoch ; 
it is overlaid by the Tir-band-i-Turkistan limestones, 
amongst which I certainly found beds with cretaceous 
fossils, but the description of which I reserve for my next 
note. 

Red and greenish-white clays are in great force in the wide-stretching high 

_ plain of Chesm Sabz, north-east of Kuhsan, and are over- 

arr pa laid near Tirpul, in the Hari Rud valley, by sandstones, 

silts, clays, and grits. I believe that this series represents 

the Siwaliks. Similar beds, with great deposits of gypsum, and containing some 


Band-i-Zurmust,. 


Coral limestone. 


Coast formation. 


Tir-band-i-Turkistan. 
Cretaceous tossils. 
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fossils, casts of shells of Unio, and the casts of Annelids, I met near Sakhra on 
the Murghab. 


Bata MourauHis; 
Sth January 1885. 


CORRIGENDUM. 
The Phosphatic rocks af Musuri (Mussooree) (supra, Vol. XVII, p. 198). 


In the determination of the composition of the phosphatic minerals sent by the Rev. Mr. 
Parsona from Mussooree, as given in the last number of the Records, two operators were implicated» 
and owing to the absence on leave of Mr. Mallet and myself it was not known that one of them, 
our new Museum Assistant, was very inexperienced in Jaboratory work. Mr. Mallet had taught 
him how to make the ordinary assay of a limestone, but of general chemical analysis he knew 
noxt to nothing. It thus befell that when heunder took to determine the lime in these stones, 
not knowing the peculiar bebaviour of this substance in the presence of phosphoric acid, he only 
obtained the amount of lime that existed in excess of that present as phosphate, amounting to 
8:42 per cent. Since Mr. Mallet’s return he has had a full determination made, giving 2C*5 of 
lime, of which 18°5 was present as phosphate, representing 341 of thie salt or 156 of phosphoric 
acid, being about a third of the total quantity present. The stone thus remains still principally a 
phosphate of alumina, but the difference is sufficient to call for a correction of the previous state- 
ment, as the phosphate of lime is the most important ingredient. The stones are described as 
occurring in some abundance and at many different places in brown shales immediately overlying 
limestone, so they may yet prove of economic value. 

Of even greater interest, considering the failure hitherto to find fossils in any of the outer 
Himalayan rocks, is the announcement by Mr. Parsons (under date of 21st November 1884), that 
he has observid in the nodules what appear to him to be minute organisms, Preparations are in 
hand to investigate so interesting a discovery. 


H. B. MEDLICOTT. 


ADDITIONS TO THE MUSEUM. 
From ist Octoprr To 8lst DecEemBEE 1884. 


Fossils from Nila in the Salt Range, Punjab, from the bed below the coal. 
PRESENTED BY Dr. H. Warra. 
A model of the Gor-do-Norr diamond after cutting. Weight 24% carats. Valued at £25,000 


in London and Paris. PRESENTED BY Messrs. P. Orr arp Sons, Mapras. 
Specimens of quartz pebble, used as bearings and pivots in native flour-mills at Dehra Dun, 
Punjab. PRESENTED BY Dr. H. WarrTuH. 


Specimens of cut and polished ferruginous limestone, puddingstone, silicified palm, helio- 
trope, syenite, jasper, granite, chalcedony, chert, onyx, and agate, purchased at Banda, 


N. W. P. PRESENTED BY THE COLLECTOR OF Banpa, N. W. P. 
Specimens of gypsum, beryl, chalcedony, rock crystal, schorl, amethyst, and martite from 
the Bombay Presidency. PRESENTED BY THE BomBaYy Eixurprrion CoMMITTEE. 


Specimen of a polished marble paper-weight from Kathiawar. 
PRESENTED BY THE MonavaDa State, KaTuHrawak, 
A specimen of polished marble, and two of polished igneous rock, paper-weights from 
Kathiawar. Presentep sy H. H. roe Nawas SanaB oF JuNaGaD, In KaTHIawap. 

Specimens of uncut heliotrope from Kathiawar. 

PRESENTED BY THE THAKUR Saunas oF Morvi, rx Katurawar. 
Specimens of tin oxide from Singapore, and a specimen each of stalactite, stalagmite, and 
crystal quartz, from Selangor. PRESENTED BY Musens. Kunz axp Co. 
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ADDITIONS TO THE LIBRARY. 


From Ist OcrosEr to 3ler Decemper 1884. 
Titles of Books. Donors. 


AcHEPOHL, L.—Das Niederrheinisch-Westfalische Steinkohlengebirge. Lief. 10 and Supple- 
ment. 4° Essen, 1883. 
Aneytt, Duke of—The Unity of Nature. 2nd edition. 8° London, 1884. 
Barnois, Charles.—Recherches sur les terrains anciens des Asturies et de la Galice. 4° 
Lille, 1882. 
Bercuss, Charles E.—Ceratiocaridw from the Chemung and Waverly Groups, at Warren, 
Pennsylvania. 8° Pam. Harrisburg, 1884, Tue AvutHor. 
Brust, Fritz.—Untersuchung iiber fossile Hilzer aus Gronland. 4° Pam. Basel, 1884. 
Bronn’s Klassen und Ordnungen des Thier-Reichs, 
Band 2, Porifera, Lief. 6, 
Band 5, Abth. 2, Lief. 13-16. 
Band 6, Abth. 3, Reptilien, Lief. 42. 8° Leipzig, 1884. 
Browne, Hugh, Junor.—The higher branch of Science, or Materialism refuted by facts. 8° 


Melbourne, 1884, Tae AvuTHoR- 
CHAMBERLIN, 7. C.—Hhillocks of angular gravel and disturbed stratification. 8° Pam. 
New Haven, 1884. Tug AUTHOR. 


Cross, Whitman; Cuisotm Frederic F.; Cuavvennt, Regis; Disst, P. H. van.—The 
Artesian Wells of Denver. 8° Pam. Denver, Colorado, 1884. 
Tas AvTHORS 
Dotto, L.—Note sur le Batracien de Bernissart. 8° Pam. Bruxelles, 1884. 
Fenwick, Thomas, and Bakker, Thomas.—Subterraneous surveying with and without the 
magnetic needle. New edition. 8° London, 1884. 
Foxxy, Welson.—A pocket-book of coal and speed tables for engineers and see neets 
12° London, 1884. 
Harcxret, Lrnst.—A visit to Ceylon. 8° London, 1883. 
Harpman, Edward T.—Report on the geology of the Kimberley district, Western Aus- 
tralia. Flisc. Perth, 1884. Comm., Crown Lanps. 
HavusHorer, K:.—Franz von Kobell. Eine Denkschrift. 4° Pam. Miinchen, 1884, 
Roya, Bavarian AcaDEmy. 
Hunt, Robert.—British Mining: a treatise on the history, discovery, practical development, 
and future prospects of metailiferous mines in the United Kingdom, 8° 


London, 1884, 
Hyatt, Alpheus.—Fossil Cephalopoda in the Museum of Comparative Zoology. 8° Pam. 
Cambridge, Mass. 1883. Toe AvurHor. 


Kine, William, and Rownry, 7. H.—An old chapter of the geological record with a new 
interpretation: or, rock metamorphism (especially the methylosed kind) 
and its resultant imitations of organisms. With an introduction giving 
an annotated history of the controversy on the so-called “‘Eozoon Cana- 
dense,” and an appendix. 8° London, 1881. 

Kurrrrr, Carl.—Gedlachtnissrede auf Theodor L. W. von Bischoff. 4° Pam. Miinchen, 


1884. Royat BavaBIan ACADEMY. 
Mineral statistics of the United Kingdom of Great Britain and Ireland for 1882. Fisc. Lon- 
don, 1884. Revenve anv AcrRicurtuRAL DEPARTMENT. 


Mossisovics, E. V.,and Nsumaye, M.—Beitrage zur Paliontologie Osterreich-Ungarns 
und des Orients. Band 2, heft 1-2, and Band 4, heft 1-2. 4° Wien, 1882 


66 Records of the Geological Survey of India. [voL. XV1IT. 


Tttles of Books. Donors. 


Mornay, James A. H.—A new English dictionary on historical principles, founded main- 
ly on the materials collected by the Philological Society. Part1. 4° 
Oxford, 1884. 


Norriine, Fritz.—Die Entwickelung der Trias in Niederschlesien. 8° Pam. Berlin, 1880. 
THe AUTHOR. 


= Ueber Lituites lituus Montfort. 8° Pam. Berlin, 1882. 
THe AUTHOR. 
a Beitrag zur Systematischen Stellung des Genus Porambonites 
Pander. 8° Pam. Berlin, 1883. Toe AUTHOR. 
‘ Die Cambrischen und Silurischen Geschiebe der Provinzen Ost- 
und West-Preussen. 8° Berlin, 1883. Taz AvuTHOoR. 
“ Ueber das Alter der samlandischen Tertiirformation. 8° Pam. 
Berlin, 1883. Tor AUTHOR. 
99 Ueber diatomeenfiihrende Schichten des west preussischen Dilu- 
viums. 8° Pam. Berlin, 1883. Tor AUTHOR. 
. Beitrige zur Kenntniss der Cephalopoden aus Silurgeschieben 
der Provinz Ost-Preussen. 8° Berlin, 1884, Tur AUTHOR. 


Paléontologie Francaise. 1™série. Animaux Invértebrés, Terrain Jurassique. Livr. 71. 8° 
Paris, 1884. 

Pracock, &. A.—Saturated Steam, the motive power in volcanoes and earthquakes; great 
importance of electricity. 2nd supplement. 8° London, 1884. 

THE AUTHOR. 

Puitirrs, J. Arthur.—A. treatise on ore deposits. 8° London, 1884, 

Quenstept, Fr. Aug.—-Handbuch der Petrefaktenkunde. Auflage 8, Lief. 17-18. 8° 
Tiibingen, 1884, 

QueENstEDT, Fr. Aug.—Petrefaktenkunde Deutschlands. Band 7, Abth.1, heft 6. With 
4° plates. 8° Leipzig, 1884. 

Reavt, ZT. Mellard.—Experiments on the circulation of water in sandstone. 8° Pam. 


Liverpool, 1884, THE AUTHOR. 
Rengvizr, F.—Etude géologique sur le nouveau projet de tunnel coudé traversant le 
massif du Simplon. 8° Pam. Lausanne, 1883. Tor AUTHOR. 


Ross, (Lieut.-Col.) W. A. - The Blow-pipe in Chemistry, Mineralogy, and Geology, contain- 
ing all known methods of anhydrous analysis, many working exam- 
ples, and instructions for making apparatus. 8° London, 1884, 


Scumipi1y, S.—The glacier garden, near the lion monument at Lucerne 8° Pam. Ziirich, 


1876. H. B. Mepuicort, Esq. 
Scort, H. J.—South Australia. Report to Calcutta Exhibition Committee. Flsc. Adelaide, 
1884. H. J. Scort, Esq, 


Summaries of the reports of the Inspectors of Mines to H.M.’s Secretary of State, and 
mineral statistics of the United Kingdom of Great Britain and Ireland 
for 1883. Filsc. London, 1884. 

REVENUE AND AGRICULTURAL DEPARTMENT. 
Swirt, James.—The microscope and accessory apparatus: notes on the construction, selec- 
tion and use. 2nd edition. 8° London, 1883. THE AUTHOR. 
SzasnocHa, Ladsslaus.—Zur Kenntniss der Mittelcretacischen Cephalopoden-Fauna der- 

Inseln Elobi an der Westkiiste Afrika’s. 4° Pam. Wien, 1884. 
THE AUTHOR. 
TacorE, Sourindro Mohun—Mani-Mala, or a treatise on gems. 2 Parts. 8° Calcutta, 
1879 and 1881. Taz AUTHOR. 
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The Norwegian North Atlantic Expedition, 1878-1878. Zoology. Asteroidea, by D. C. 
Danielssen and Johan Koren. 4° Christiania, 1884. Tar ComsitTex. 

THomson, (Sir) C. Wyville, and Mcgray, John.—Report on the scientific results of the 
voyage of H. M.’s 8S. “Challenger” during the years 1873-76. Zoology, 
Vol. 9, text and plates. 4° London, 1884. 

SECRETARY OF State For [Nwpra. 

Warts, Henry.—Manual of Chemistry. Vol. 1, Physical and Inorganic Chemistry. 8° 
London, 1883. 

Year-buok of the scientific and learned Socicties of Great Britain and Treland: giving an 
account of their origin, constitution, and working. With appendix, com- 
prising a list of the leading scientific societies throughout the world. 

: 5th issue. 8° London, 1884. 


PERIODICALS, SERIALS, &. 


American Journal of Science. 3rd series. Vol. XXVIII, Nos. 165—167. 8° New Ifaven, 
1884. THe Epitors. 

American Naturalist. Vol. IX, No.9; Vols. XII to XVII; and XVIII, Nos. 8~10. 8° 
Salem and Philadelphia, 1875 and 1878—1884. 

Annalen der Physik und Chemie. Neue Folge. Band XXIII, heft 1~—3. 8° Leipzig, 1884. 

Annales des Mines. 8™* série. Tome V, livr.2—3. 8° Paris, 18814. 

L’ApMIns. DES MINES. 

Annales des Sciences Naturelles. 6™° série. Botanique, Tome XVIII, Nos. 1—6 ; Zoologie, 
et Paléontologie, Band XVII, Nos.1—2Z. 8° Paris, 1884. 

Annals and Magazine of Natural History. 6 series. Vol. XIV, Nos. 81—84, 8° London, 
1884. . 

Atheneum. Nos. 2968—2980. 4° London, 1884. 

Beiblitter zn den Annalen der Physik und Chemie. Band VIII, Nos. 9—Il1. 8° Leipzig, 
1884. 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3"° période. Vol. 
XII, Nos. 7—9. 8° Genéve, 1884. 

Bibliothéque Universelle et Revue Suisse. 3”° période. Tome XXIII, No. 68 to XXIV, 
No. 70. 8° Lausanne, 1884. 

Botanisches Centralblatt. Band XIX, No.9 to XX, No.9. 8° Cassel, 1884. 

Chemical News. Vol. L, Nos. 1294—-1306. 4° London, 1884. 

Colliery Guardian. Vol. XLVITI, Nos. 1236—1248, Fol. London, 1884. 

Das Ausland. Jahrg. LVII, Nos. 35-47. 4° Miinchen, 1884. 

Geological Magazine. New Series, Decade III, Vol. 1. Nos. 912, 8° London, 1884, 

Geological Record for 1877 and 1878. 8° London, 1880 & 1882. 

Iron. Vol. XXIV, Nos. 609—621. Fol. London, 1884. 

Journal de Conchyliologie. 3™° série. Tome XXIV, No. 2. 8° Paris, 1884. 

Journal of Science. 3d series. Vol. VI, Nos. 128—130. 8° London, 1884. THE Epiror, 

Just, Leopold. -Botanischer Jahresbericht Jahrg. IX, Abth. II, heft 2, 8° Berlin, 1884, 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5‘ series. 
Vol. XVIII, Nos. 112—115. 8° London, 1884. 

Matériaux pour I’ histoire primitive et naturelle de l’ Homme. 2™° série. Vols. II—V, VII, 
VITT, and X—XIII. 8° Toulouse and Paris, 1872—1883. 

Mining Journal, with supplement. Vol. LIV, Nos, 2559-2571. Fol. London, 1884, 
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Nature Novitates. Nos. 16—22. 8° Berlin, 1884. 

Nature. Vol. XXX, No. 776 to Vol. XXXI, No. 788. 4° London, 1884. 

Neues Jahrbuch fiir Mineralogie. Geologie und Palwontologie. Jahrg., 1884, Band II, heft 

3. 8° Stuttgart, 1884. 

Palaeontographica. Band XXXI, Lief. 1-2. 4° Cassel, 1884. 

Petermann’s Geographische Mittheilangen. Band XXX, Nos.9—11. 4° Gotha, 1884. 

Professional Papers on Indian Engineering. 3rd series. Vol. II, No. 7. Flsc. Roorkee, 1884. 
THomason CoLLEGE oF Civit ENGINEERING. 

Quarterly Journal of Microscopical Science. New series. Vol. XXIV, No. 96. 8° London, 


Zeitschrift fir Naturwissenschaften, Folge 4. Band ITI, heft 4. 8° Halle, 1884. 


GOVERNMENT SELECTIONS, REPORTS, &c. 
Assam.—Report on the administration of the province of Assam, for the years 1874-75 and 


1875-76, 8° Shillong, 1877. Curr COMMISSIONER OF ASSAM. 
Brneat.—Report on the administration of Bengal, for 1880-81 to 1882-83. 8° and Flsc. 
Calcutta, 1881—1884. GOVERNMENT OF BENGAL. 

er Selections from the records of the Government of Bengal. No. 46. Flsc. Calcutta, 
1873. GovERNMENT oF BENGAL. 

» The Quarterly Bengal Army List for October 1st, 1884. New series. No. 90. 

8° Calcutta, 1884. GovEENMENT Printine OFFICE. 


BomBay.—Gazetteer of the Bombay Presidency. Vol. VIII. 8° Bombay, 1884. 
BomBay GOVERNMENT. 
53 Watson, Major J. W.—Statistical account of Bhdvnagar. (From Bombay Gazet- 


teer.) 8° Bombay, 1878 and 1880. F, Feppen, Esq. 

5 Watson, Major J. W.—Statistical account of Naw4nagar. (From Bombay 
Gazetteer.) 8° Bombay, 1879. F, Feppen, Esq. 

Centra, Provincrs.—Report on the administration of the Central Provinces for 1883-84. 
Fisc. Nagpur, 1884, Currr CoMMISSIONER, CENTRAL PROVINCES. 


Inpia.—Annual statement of the trade and navigation of British India with foreign 
countries, and of the coasting trade of the several presidencies and pro- 
vinces, in the year ending 31st March 1884, Vol. I, No. 18, Foreign 
trade ; and Vol. II, No. 18, coasting trade. 4° Calcutta, 1884. 

GOVERNMENT Paintine OFrrics. 
‘i O’Conor, J. .—Review of the accounts of the sea-borne foreign trade of British 
India, for the year ending 31st March 1884. Flsc. Simla, 1884. 
DEPARTMENT OF HINANCE aND COMMERCE. 
» Indian Meteorological Memoirs. Vol. II, part 3. 4° Calcutta, 1884. 
METEOROLOGICAL REPORTER TO GOVERNMENT oF Inpia. 
» Meteorological observations recorded at six stations in India in 1884, reduced 
and corrected. April and May 1884. 4° Calcutta, 1884. 
MEreoRoLoGIcaL REPORTER TO GOVERNMENT oF Inp1a. 
at Report on the administration of the Meteorological Department of the Government 
of India in 1883-84. 4° Calcutta, 1884. 
MerroroLogicaL BEPoRTER TO GOVERNMENT OF Inpt1a. 
» List of civil officers holding gazetted appointments under the Government of 
India in the Home, Legislative, and Foreign departments, as it stood on 
the lst July 1884, 8° Calcutta, 1884. Homz Dsrarrmznt, 
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Inpra.—Report on the administration of the Persian Gulf Political Residency and Muscat 
Political Agency for 1883-84. Fisc. Calcutta, 1584. 
FortigN DgPARTMENT. 
Mapras.— Administration report of the Government Central Museum, Madras, for 1883-54. 
Fisc. Madras, 1884. 
SUPERINTENDENT, GOVERNMENT CENTRAL MusrcM, Mapras. 
» Administration report of the Meteorological Keporter to the Government of 
Madras for 1888-84. 8° Madras, 1884. 
METEOROLOGICAL REPORTER TO GOVERNMENT OF MapRas. 
N.-W. Provinces—Report on the administration of the Northern India Salt’ Revenue 
Department for 1883-84. Flsc. Agra, 1884. 
ComMIssiONnER, NorTHERN Inpvia Sart REvVENvVE. 


TRANSACTIONS, PROCEEDINGS. &c., OF SOCIETIES, SURVEYS, &o. 


AMSTERDAM.—Jaarbeek van het Mijnwezen in Nederlandsch Oost Indié. Jahrg., XIII, 
pt.1. 8° Amsterdam, 1884. 
REVENUE and AGRICULTURAL DEPraRTMENT, 
Beruin.—Abhandlungen der Koniglichen Akademie der Wissenschaften. 1872—1878, 
4° Berlin, 1878—1879. 
Zeitschrift der Deutschen Geologischen Gesellschaft, Band XXXVI, heft 2. 


8° Berlin, 1884. Tue Socrery. 
Botoena.—Memorie della Accademia delle Scienze dell’ Istituto di Bolowna. 4th series 
Vol. IV. 4° Bologna, 1882. THE InsTItTUTE. 
BrvussEts.—Bulletin de la Société Royale Belge de Géographie. 1884, Nos. 3—4. 
8° Bruxelles, 1884. Tue Socirty. 


Bopapsst.—Farxass, Hobert.—Katalog der Bibliothek und Allg. Kartensammlung der 
K6n. Ungar. Geologischen Anstalt. 8° Budapest, 1884. 


Tus INnstitouts. 
_ Foldtani Kozlony. Kotet XIV, fiizet 4—8. 8° Budapest, 1884. 


Tre Insriturte. 


s Jahresbericht der K. U. Geologischen Anstalt fir 1883. 8° Budapest, 1884. 
THE INstritrureE. 
Mittheilungen aus dem Jahrbuche der K6n. Ungarischen Geologischen Austalt. 
Band ITI, heft 1-4. 8° Budapest, 1874-1879. Tae Institute. 
Buenos Arzes.—Boletin de la Academia Nacional de Ciencias. Tomo VI, No.1. 8° Buenos 
Aires, 1884. THe Acapemy. 
Catcurra.—Catalogue of the library of the Asiatic Society of Bengal, by Walter Arnold 
Bion. 8° Calcutta, 1884, Tur Socrery. 
és Journal of the Asiatic Society of Bengal. New series. Vol. LIII, part 1, 
No. 2, and part 2, No. 2. 8° Calcutta, 1884. THE Society. 

‘i Proceedings of the Asiatic Society of Bengal. Nos. 7—9. 8° Calcutta, 1884. 


Tue Sociery, 
5 Memoirs of the Geological Survey of India. Vol. XXI, part 1. 8° Calcutta, 1884, 
GroLoeicaL Sunvey or Inpia. 
Palzontologia Indica. Series X, Vol. III, parts. 3—4, and XIII, Vol. I, part 4 
(fasc. 4). 4° London and Calcutta, 1884. 


GrotoaicaL Survey or Inpr‘. 
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Catcurra.—Records of the Geological Survey of India. Vol. XVII, part 4. 8° Calcutta, 1884. 
GEoLoaIcaL SurvEY oF Iwpia. 
45 Survey of India Department. Notes for August to November 1884. Fisc. 


Dehra-Dun, 1884, Sugvey oF Inpia. 

Campriper, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XI, No. 10. 8° 
Cambridge, 1884. Mvuskrvum oF CoMPakaTIVE ZOOLOGY. 

99 Memoirs of the Museum of Comparative Zoology. Vol. IX, No. 3. 

4° Cambridge, 1884. . MvusEuM oF CoMPARATIVE ZOOLOGY. 
CopENHAGEN.—Meémoires de ]’Académie Royale de Copenhague. 6”° série. Vol. II, 
Nos. 6, 9, and 10. 4° Copenhague, 1884. Tur AcaDEMY. 

9 Oversigt over det Kongelige Danske Videnskabernes Selskabs. No. 2. 8° 
Kjobenhavn, 1884, THE ACADEMY. 


FraNkFURT-A-~Matn.—Abhandlungen der Senckenbergischen Naturforschenden Gesellschaft. 
Band XIII, heft 3~4. 4° Frankfurt-a-Main, 1884. 
Guiascow.—Glasgow University Calendar for 1884-85. 8° Glasgow, 1884. 
THE UNIVERSITY. 
5 Proceedings of the Philosophical Society of Glasgow. Vol. XV. 8° Glasgow, 
1884. Tux Society. 
Hatiz.—Abhandlungen der Naturforschenden Gesellschaft zu Halle. Band XVI, heft 2. 
4° Halle, 1884. Tur Socrery. 
‘ Bericht tiber die Sitzungen der Naturforschenden Gesellschaft zu Halle, im 
Jahre 1883. 8° Halle, 1884. Tux Society. 
LiEcE.—Catalogue des ouvrages de géologie, de minéralogie et de paléontologie ainsi que 
des cartes géologiques qui se trouvent dans les principales bibliothéques 


de Belgique, parG. Dewalque. 8° Liége, 1884. 
Tue Socrrry. 


LiveRPooL.—Proceedings of the Liverpool Geological Society. Vol. IV, part6. 8° Liver- 
pool, 1884. THs Socrery. 
Lonpon.—Catalogue of the specimens illustrating the osteology and dentition of vertebrated 
animals, recent and extinct, contained in the museum of the Royal 
College of Surgeons of England. Part 2. Class Mammalia, other than 
Man, by William Henry Flower and John George Garson. 8° London 


1884, 
‘s Journal of the Anthropological Institute of Great Britain and Ireland. Vol. XIV, 
No. 1. 8° Landon, 1884. 
zs Journal of the Iron and Steel Institute. No. 1, 1884. 8° London, 1884. 
THE Lystrrurs. 
- Journal of the Linnean Society of London. Vol. XVII, Zoology, Nos. 101—102 ; 


Vol. XX, Botany, Nos. 130—133. 8° London, 1883—1884. 
Tux Socrzty. 


‘ List of Fellows of the Linnean Society of London, October 1883. 8° London, 


1883, THE Socizry. 
“ Proceedings of the Linnean Society of London, from November 1882 to June 
1883. 8° London, 1883. Tux Society. 
. Transactions of the Linnean Society 2"4 series. Vol. IT, Zoology, parts 9—10, 
and Vol. III, part 1, Vol. I, Botany, parts 6—7. 4° London, 
1883—1884. Tas SocrEry. 


» Journal of the Royal Asiatic Society of Great Britain and Ireland. New series. 
Vol. XVI, part 4. 8° London, 1884. Tae Sooty. 
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Lonpon.—List of Fellows of the Royal Society of London for 1883. 4° London, 1884. 
THE Society. 
‘a Philosophical Transactions of the Royal Society of London. Vol. 174, parts 2-3. 
4° London, 1883. Tax Socixty. 
33 Proceedings of the Royal Society of London. Vol. XXXVI, No. 231, and 
Vol. XXXVII, No. 232. 8° London, 1884. THE Socrery. 
Pe Journal of the Society of Arts. Vol. XXXIT, Nos. 1660—1672. 8° London, 
1884. Tut Society. 
5 List of Fellows, &c., of the Zoological Society of London, corrected to June Ist 
1884. 8° London, 1884. THE Society. 
“ Proceedings of the Zoological Society of London for 1884, Parts 2 and 3. 8° 
London, 1884. Tre Sociery. 
5 Mineralovical Magazine and Journal of the Mineralogical Society. Vol. VI, No. 

27. 8° London, 188-4. 

i Proceedings of the Royal Geographical Society. New series. Vol. VI, Nous. 8—10. 
8° London, 1884. Tue Society. 
9% Quarterly Journal of the Geological Society. Vol, XL, part 3, No. 159. 8° 
London, 1884. Grotoaicat Socrrty oF Lonpon. 
Mapr1p.—Boletin de la Sociedad Geografica de Madrid. Tome X, No. 4, and XVII, Nos. 
1—3. 8° Madrid, 1881 and 1884. THE Society. 
MancHEsTER.—Memoirs of the Manchester Literary and Philosophical Society. 3rd _ series. 


Vols. VII and IX. 8° Manchester, 1882—1883. Tune Society. 


‘5 Proceedings of the Manchester Literary and Philosophieal Society. Vols. 
XX—-XXII. 8° Manchester, 1881—1883. Tuer SociEry. 
s Transactions of the Manchester Geological Society. Vol. XIII, part 11; Vol. 
XIV, parts 17—22 ; and Vol. XV, parts 1—2. 8° Manchester, 1876—1878. 
Ms Transactions of the Manchester Geological Society. Vol. XVIII, parts 1—2. 


8° Manchester, 1884. THE Socizry. 
MELBOURNE.—Geological Survey of Victoria. Report of Progress by the Secretary of 
Mines. No. VII. 8° Melbourne, 1884. 
GxroLoaicaL Survey or Vicrorta. 
¥6 Reports of the Mining Registrars for the quarter ending 30th September 
1884. Filse. Melbourne, 1884, DEPARTMENT oF MINES, Victorta. 
Moscow.—Bulletin de la Société Impériale des Naturalistes de Moscou. Tome XXXIV, 
Nos. 2 and 4. 8° Moscou, 1861. 
Mincuen.—Abhandlungen der Math.-Phys. Classe der K6niglich Bayerischen Akademie 
der Wissenschaften. Band XV, Abth. 1. 4° Miinchen, 1884, 


Tue ACADEMY. 


‘“< Almanach der KGniglich Bayerischen Akademie der Wissenschaften fiir das 
Jahr 1884. 8° Miinchen, 1884. Tue ACADEMY, 
‘ Sitzungsberichte der Math.-Phys. Classe der KGniglich Bayerischen Akademie 


der Wissenschaften. Band XIII, heft 3, and XIV, 1. 8° Miinchen, 
1884. THe ACADEMY. 
NervucHatTet.—Bulletin de la Société des Sciences Naturelles de Neuchatel. Tome II and 
Ill. 8° Neuchatel, 1846—1853. 
NEWCASTLE-UPON-T YNE.—Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XX XIII, part 6. 8° Newcastle-upon-Tyne, 
1884. THE INstTiTvTE. 
Pazis.—Bulletin de la Société Géologique de France. 3™¢ série. Tome XI, No. 8, and XII, 


No.7. 8° Paris, 1884. THE Society. 
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Panris.— Mémoires de la Société Géologique de France. 3™¢ série. Tome ITI, No. 2. 4° 
Paris, 1884. Tux Socrery. 
PainapetpHtra.—dJournal of the Franklin Institute. 3rd series. Vol. LXXXVIII, Nos. 
3—5. 8° Philadelphia, 1884. Tur Instrrvure. 
Pisa.—Atti della Societa Toscana di Scienze Naturali. Memorie. Vol. V, fasc. 1. 8° 
Pisa, 1881. Tuer Society. 


» Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. I, pp. 
9—24; Vol. II, pp. 241—288; Vol. III, pp. 93—152, 173—236, and 

253—272 ; Vol. IV, pp. 71—124, 8° Pisa, 1878—1884. Te Soctrzry. 

Sr. Pererspure.—Mémoires de L’Académie Impériale des Sciences de St. Pétersbourg. 
qme série. Tome XXXI, Nos. 15-16, and Tome XXXII, Nos. 1—3. 


4° St. Pétersbourg, 1883—1884. THE ACADEMY. 
Sypnzry.—Journal and Proceedings of the Royal Society of New South Wales. Vol. XVII. 
8° Sydney, 1884. THE Socrery. 
Tox10.—Transactions of the Seismological Society of Japan. Vol. VII, part 1. 8° Tokio, 
1884. Tux Socizry. 
TorIno.—Atti della R. Accademia delle Scienze di Torino. Vol. XIX, Nos. 6—7. 8° Torino, 
1884. Toe ACADEMY. 


Toronto.—Proceedings of the Canadian Institute. Vol. II, No.2. 8° Toronto, 1884. 
THE INnstirvTe. 
Visnwna.—Das K. K. Hof-Mineraliencabinet in Wien, die geschichte seiner sammlungen 
und die pline fiir die neuaufstellung derselben in dem K. K. naturhis- 
torischen hofmuseum, von F. von Hochstetter. 8° Wien, 1884. 
Tur AvuTHoR. 
Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 13—15. 8° Wien, 
1884. THe Instrrure. 
Wasninaton.—Smithsonian Miscellaneous Collections. Vol. X. 8° Washington, 1873. 
Wrxiiinaton.—Colonial Museum and Geological Survey of New Zealand. Reports of 
geological explorations during 1883-84. 8° Wellington, 1884. 
GrotocicaL SuBVEY oF New ZEALAND. 
Meteorological Report, 1883; including returns for 1880 to 1882, and 
averages for previous years. 8° Wellington, 1884. 
GroLoaicaL Survey oF New Zearanp. 
YorxoHama.— Mittheilangen der Deutschen Gesellschaft fiir Natur-und Voélkerkunde Osta- 
siens. Heft 31. 4° Yokohama, 1884. Tue Socrery. 
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A fossiliferous series in the Lower Himalaya, Garhwal, by C. S. Mippiemiss, B.A., 
Geologicai Survey of India. 


This note is to put on record a find of fossils made by me in March from rocks 
of the Lower Himalaya of British Garhwal, all which have hitherto proved barren, 
save for comminuted fragments of shells? inthe Mandhélis known as the T4l lime- 
stone, a series which I have in addition shown to be the westward extension of 
these same fossiliferous rocks. 

The find is not large, nor are the specimens all that could be desired in point 
of preservation; for frequently, owing to subsequent crystallisation and to oolitic 
aggregation, many have been spoilt. 

Corals, Belemnites, Lamellibranchs, and Gasteropods, usually all of small size, 
form the staple of the rock contents, but writing, as I am, from the field, I can 
do no more at present than indicate their probable jurassic age. 

The places I found most suitable for collecting are the northern slopes of the 
Dhalniya-ka-danda, at Gajwara* (Gujbara of map), and five miles to the west- 
north-west in a small ridge east of Umrela (Oomrela). 

The petrological characters of the fossiliferous rock series are as follows :—In 
the main it is either a grit or a quartzite, with here and 
there a tendency to become calcareous or conglomeratic. 
Though some irregularities seem to show that the calcareous band is not constant 
in vertical position, and that the conglomerate varies very much in coarseness in 
different localities, still a good general sequence can be made out, The lowest 
rock, when seen, is of millstone-grit type, a good sound rather coarse-grained 
stone that would make excellent building material. The quartz grains are quite 
distinct, slightly angular, and of a milky-white or smoky colour; they are set in 
a pale-yellow earthy matrix, and on weathered surfaces stand out white against black 


Petrology. 


> Brought to notice in 1864 (Memoirs, G. 8 I, III, part 2, page 69). 
2. lon. 78° 42’, N. lat. 29° 47’. Sheet No. 7 of the l-inch maps of Kumaun and British 
Gurhwal. ° 
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in a way unlike any other rocks in this neighbourhood. The conglomerate merely 
differs from this by having the milk-white quartz pebbles of larger size, but still 
retaining their slight angularity. At one place near Aldabou I found a variety 
containing limestone pebbles in gddition to those of quartz. Besides becoming 
conglomeratic in parts, this same grit, in nearly every section I have seen, has at 
one horizon, generally near the base, a calcareous element, which, entering into the 
composition by small instalments in the more eastern parts of the area under 
consideration, becomes more pronounced on the northern flanks of the Dhalniya- 
ka-danda, the ridge at Gajwara, and generally in the direction of the T4l lime- 
stone, with which it ultimately coincides. The greater or less quantity of 
lime present has not, however, destroyed its marked external appearance ; in every 
locality it shows up as an indigo-black rock, very often forming a scarp some 30 or 
40 feet high. It is never pure limestone, but always shows the blebs and grains 
of quartz ; even where the limestone is most crystalline these can always be detect- 
ed outside in relief, whilst the finer particles have become nuclei for oolitic grains 
which sometimes crowd the rock. This is the fossiliferous bed, and it has an aver- 
age thickness of not more than 50 feet. 

In an upward direction the coarse grit, bearing its limestone and conglomer- 
ates, passes by insensible gradations inte a compact massive quartzite, white, or 
faintly tinged with violet. This has a large, but unknown, thickness. To the east- 
south-east at Chaprait (sheet No. 8), and the higher hills north, it is seen in force, 
but beyond I have not yet had time to trace it. 

Though in the future, when the fossils are identified, this rock may form a 
horizon from which to reckon beds stratigraphically asso- 
ciated with it, at present it is well rather to speak of it in 
terms of the formations above and below it, and more especially as the overlying 
one, a massive blue-grey limestone, has already a very probable equivalent in the 
Krol limestone. 

But to commence with those beneath it, They are purple and green slates and 

Beds below. an angular volcanic ash or breccia. From their invariable 
nearly vertical bedding it was some time before I decided 

which was the upper. At length a section in the Khoban river gave me the clue: 
there the ashes slack off their high northerly dip, and above them the purple and 
green slates arch over to the south, and helped by a fault, cover them in entirely 
for a short distance. This note does not profess to enter into details with regard 
to these beds. It is enough at present to say that they must have very great 
thickness, reckoned probably by miles; that the volcanic breccia is itself, certainly 
in places, a mile thick without any important constituent change ; that though 
undoubtedly volcanic in origin, either direct or indirect, it possesses very few frag- 
ments of igneous rocks; nor is it associated with any outpourings of lava, nor 
with igneous intrusions, of which I have seen none in this area. Of the purple 
and green slates, it suffices here to say that they are very uniform until Kdlogarhi 
mountain is approached. The mass of that height is Chor gneiss ; 1 and from what- 
over case, the slates on approaching it become altered in two modes—they level 
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out dipping only slightly towards the mountain on all sides, and they at the same 
tame become schistose, schists, and garnetiferous schists. 

It is now necessary to say what is the relation between the fossiliferous beds 

Relation of the fossij. 224 those underlying slates and ashes, and also to fix some 
ferous beds to those bee few definite localities, To this ond the section up the 
aad Mandal river, and on the ridge west of it, in the neighbour- 
hood of Dobriah, is absolutely conclusive. That in the river bed from near 
Dhimdhar to Jdmri exhibits nothing but the ashes striking about cast and west, 
the strata either vertical or inclined at angles of 80° and 70° cithor one way or the 
other. Not a yard of the distance is unexposed. The lower parts of the ridge from 
Dhargaon to near Chaprait are the same both on its east and west sides. But the 
numerous summits into which the ridge has weathered are all formed of an approx- 
imately horizontal capping of the pebbly grit with a calcareous lower bed. At 
this place, however, the lime in the rock is not abundant, nor did I get fossils, 
though they may nevertheless be there, for my find was subsequent to mapping 
this pa:t, and I was not specially on the look-out for them. 

If more evidence for the marked unconformity between these two series were 
wanting, it is found in the further extension of the pebbly grit and calcareous 
band along the ridge. Ata point almost due west of Dhimdhar, where is a gap 
over into the Haldgadi river, they rest on the purple and green slates, which are 
striking east and west with a nearly vertical dip similar to the ashes. 

Here too it is seen that they underlie the massive blue-grey limestone which 

a forms the top of Dhargaon. From Dhargaon a tolerably 
oa arp icteric well-defined ridge runs west-north-west up to the Kote- 
dwar glen cut through at intermediate places by the 
Haldgadi and Palain rivers. Its formation is the same throughout as at Dhar- 
gaon, with a slight exception: the north flanks have always the pebbly grit, with 
its calcareous band below and quartzites above in a continuous exposure dipping 
at 30° or 40° south-south-west, whilst the summit and southern flanks have the 
superposed massive limestone, which is cut off to the south by the main bound- 
ary fault letting in the later tertiary sand-rock. The exception is near the 
Kotedwar glen north of Aldabou, where the limestone, having gradually lost 
its hold on the ridge summit and become confined to the southern slope, is at 
last entirely cut off by the main boundary fault. Of course it must not be sup- 
posed that there are no slight disturbances affecting these relations. at Gajwara 
inversions of the fossiliferous beds complicate matters a little; but on the whole 
the steady strike and the absence of important structural faults render the 
sequence perfectly intelligible, notwithstanding the violent contortions and tlie 
heavy jungle which clothes the hills. 

It is now necessary to return eastward of Dhargaon for an exposure of im- 
portance. Just as in a westward direction the limestone was gradually lost by 
the strike of the beds and the strike of the main boundary fault meeting near 
Aldabou, so eastward, on account of their divergence, the south edge of the 
limestone becomes free at Jhirt, and is seen to lie not upon the pebbly grits but 
upon the purple and green slates. This evidence so far as it goes argues an un- 
conformable pesition for the limestone ; but it might not be so; the fossiliferous 
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beds might, being conformable to the limestone, have thinned out; and this would 
indeed be plausible were it not for the great thickness which the quartzites attain 
north of Chaprait and Jémri, making it almost incredible that they could have 
thinned away to nothing in a distance of only 3 or 4 miles. 

We have now seen that the fossil-bearing series lies in certain places uncon- 
formably above a set of slates and volcanic ashes, and unconformably beneath a 
massive blue-grey limestone of Krol type. 

But besides these local associations, there is another important one, viz., the 
association with the nummulitic shales and limestone. 
The latter beds have been found up to date as far east as 
the Bodli-ka-sot, a tributary of the Palain river, where they 
le, much folded, on the purple slates, and at several intermediate places between 
there and the Bands ridge. In consequence of the massive limestone series having 
vanished at Aldabou, the formerly subjacent fossiliferous beds have, in a westerly 
direction, their surfaces at liberty for still higher beds to occupy. Hence they 
become in this direction covered partially or wholly by the nummulitic clay- 
shales. Both series have indeed become in many places almost inextricably con- 
fused ; for, starting probably with an uneven bottom for the tranquil deposits of 
the nummulitic ses, they have since been crushed together, causing the one to be 
displaced bodily, and the other to give by imperceptible folding and squeezing ; 
whilst subsequent to all this, denudation has acted with a similar partiality, and 
land-slips have completed the ruin. For this reason it will be better to consider 
the two together in what I have further to say about them. 

In the Kotedwar glen due north-north-west of Aldabon the main boundary 
fault of the usual reversed type cuts into the strata. North of it after some 
crush-rock and purple beds come the quartzites and calcareous beds vertical, and 
running as a minor ridge up to Umrela, beyond which in a gap in the ridge 
south-south-east from Charekh they dip at a rather low angle to the north-north- 
east, forming part of a synclinal curve, which again brings them to the surface 
with an opposite dip higher up on the ridge about 1 mile from Charekh summit. 
Below in the stream west of the ridge their continuous outcrop can be seen. 
Towards the Kotedwar glen the northern outcrop of this trough of the fossilifer- 
ous beds becomes lost, re-appearing again in the Kotedwar stream as a thin bed 
dipping south at the point where the Mthéra and Kotedwar streams join. In 
this irregular broken-edged trough the nummulitic beds lie folded in a steep 
synclinal, They are very well exposed in the main stream, the Nummulitic 
limestone striking west-north-west along the mile reach between the points where 
the Umrela and Mihara streams flow into it. It is however impossible to realise 
this on the map, owing to this reach being erroneously drawn north-east and 
south-west. 

The next point where these beds are seen is in the Sour glen, due weat of 
Gaira and up the slope of the ridge north of Simalna. The trough has here lost 
ite regularity, the calcareous beds and quartzites dip at 65° south-south-west in 
the Sour stream, climb the side-ridge towards Narai, and appearing here and 
there on the ynain ridge south of this return down the Simaina side-ridge. In the 
intervening skle stream north of Simaina, and as pockets and films here and there 
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on the adjacent slopes, are placed the nummulitic clays and clayey shales. The 
main boundary fault is immediately south of Simalna. On the main ridge due 
north-north-west from Simalna a small peak displays a good section of the quart- 
zites above and the calcareous beds below : dip north-north-west 40°. 

In the bay between this peak and Shalni there is a great film of nummulitic 
beds which a surface land-slip distinctly revealed dipping down hill steeply. On 
getting out of this bay on to the Shilni ridge all the nummulitics wero left be- 
hind except some few beds around the village itself. 

On visiting the ridge north-west of Bands-talla, in order to join my work with 

Coincidence of fossili- Mr. Oldham’s, I found, as [ expected, that the Tal lime. 
ferous bed with Mandhé- stone series, classified by him as Mandhialis,’ are the 
lis of Bands ridge, identical calcareous and sometimes conglomeratic grits 
and quartzites from which I have obtained recognisable fossils. 

It is interesting to note in passing that so entirely have the nummulitics in 
this easterly direction retained their Sabéthu character that the pisolitic iron-oro 
of the bottom bed besides being present near Syair is vouched for in the Sour and 
Kotedwar glens by loose fragments with grains somewhat larger than a pea. 

I do not propose to do more here than put these few facts on record. Though 
the somewhat extraordinary positions of the eocene beds offer scope for theorising 
and certainly must have important bearings in elucidating the mode of building 
of the Himalaya, I think it better to await further information in the same 
direction. 


Note on the probable age of the MandhAli series in the Lower Himalaya, by 
R. D. Otpuam, A.R.S.M., Gleologicul Survey of India. ‘ 


That the discovery of recognisable fossils in Himalayan beds, recorded above 
by my colleage Mr. C. S. Middlemiss, will be of great value in establish- 
ing the age of at least one member of the Himalayan sequence, and in giving us 
a horizon to work from, cannot be doubted. But as in the meanwhile the 
acceptance as final of my ascription of the Tél beds to the Mandhdli series 
might lead to misapprehension and confusion which would take long to pass away, 
I should wish to put the following explanation on record. 

My identification of the T4l beds with the MandhAli series rested entirely on 
the discovery among the former of a bed of limestone conglomerate cemented by 
a limestone matrix, very similar to the one of most important members of the 
series as exposed at Mandhali in Jauns&ér Bawar. 

But the really characteristic feature of the Mandhali series is the occurrence 
of beds composed of a fine-grained matrix through which fragments, generally 
angular or subangular, of rock are scattered, the whole suggesting that the agency 
of floating ice was concerned in its formation. 

No bed of this type was seen by me among the Tal beds, nor does my colleague 
mention the occurrence of any such bed in the area examined by him ; and as the 


1 Supra, XVII, p. 161. See also the paper following the present one. 
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age he assigns to the T4l beds differs from that which on independent grounds 
I am inclined to ascribe to the MandhAli series, it will not be safe to accept the 
two as equivalent. 

As mentioned above, the general appearance of the characteristic member of 
he Mandh4li series and of the very similar Blaini conglomerate is that of an 
indurated boulder clay. In the latter case the resemblance has been noticed by 
other observers, and during the last working season a pebble was extracted from 
the Blaini conglomerate which showed very distinct striation similar to that 
generally attributed to glacial action. Though this corroborative evidence has 
not yet been obtained in the’case of the Mandhali conglomerate, it very probably 
is also of glacial origin. 

I have elsewhere expressed an opinion that these old glacial boulder clays are 
of great value in determining the homotaxy of the beds among which they occur, 
and that they are at present the only means by which it can be determined with 
anything like absolute accuracy. But whether or no this opinion will bear the 
test of subsequent examination, there can be no doubt that between neighbouring 
areas the method is perfectly valid, and we may take it as practically certain that 
when the glacial boulder clays of Talchir age were being deposited in what is 
now the peninsula of India, glacial conditions must have obtained over what are 
now the Himalayas. 

In the beds of the Himalayan sequence there are three distinct horizons at 
which similar beds are found, viz., (1) the Mandhali, (2) the Blaini, and (3) the 
Panj&l conglomeratic slates. Of these, the two last named are so low in the 
series that their contemporaneity with the Talchirs is practically out of the 
question; there remains only the Mandh&ali conglomerate which we may there- 
fore take as most probably -the equivalent of the Talchir beds of India. 

But the Talchirs are at the latest of triassic at the earliest of carboniferous 
and probably of permian age as judged by European standards; and we must 
for the present refrain from finally identifyng beds which are very probably of 
the same age with other beds containing such a characteristically mesozoic 


fauna as is described by Mr. Middlemiss. 


Note on a second species of Siwalik Camel (Camelus antiquus, nobis (ex Fale. and 
Caut. M. S.), by R. Lypexxer, B.A., F.G.S., &. 


In their original notice of Oamelus sivalensis, Falconer and Cautley? said 
they had evidence of a second and smaller species of the genus from the Siwaliks 
which they proposed to call CO. antiquus ; but in the subsequently published plates 
(Nos. LXXXVI to XC) of the “ Fauna Antiqua Sivalensis ” all the remains are 
figured under the former name. A recent examination of the specimens in the 
British Museum has convinced me that the original view is in all probability 
correct. 

Oamelus sivalensis is a large species characterized by the rugose enamel of 
the teeth, the fatness of the inner walls of the lower true molars, and the 


* Vide ‘Falconer’s Paleontological Memoirs,’ Vol. I, p. 231. 
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long, slender, horizontal ramus of the mandible. The second species, for which 
I propose to revive the M. S. name of 0. antiques, is of smaller size, has a short, 
deep mandible, perfectly smooth enamel to the teeth, while the inner surface 
of the lower true molars is concave, and in its upper half is divided into two 
equal portions by a median vertical ridge, totally wanting in C. sivalensis,> 
und the existing camels. The specimens in the British Museam which can bo 
referred to the new species are a maxilla, No. 15347; a young cranium, 
No. 40562 (“F. A S.,” pl. LXXXVI, fig. 2); part of a mandible, No. 16105 
(“F.A.S.,” pl. LXXXVII, fig. 5); another fragment of the mandible, No. 
40568; and the greater part of a right ramus, No. 39599, with the teeth 
broken. At least one fragment of a mandible in the Indian Museum belongs to 
the same species. 

I may also observe that both species of Siwalik camels are characterized by 
having the vertical ridge at the antero-external angle of the lower true molars 
which occurs in Auchenia but is absent in the existing camels. Both fossil species 
have the adult dentition numerically the same as in the oxisting ones; but at 
least one of them is distinguished by having the full complement of milk-molars 
in both jaws, viz, M.M.4. Thecervical vertebre of the larger Siwalik camel are 
in some respects intermediate between those of the living camels and Aucheniu. 


Some further notes on the Geology of Chamba. By Coronet C. A. McManonx 
F.G.S. (With a plate and map.) 
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PART I. 
DESCRIPTION OF A PORTION OF THE CHAMBA AREA PREVIOUSLY UNDESCRIBED. 


In deteiling some observations in the field made during the autumns of 1883 
1884 I think the most convenient plan will be to note them in the order of the 
places visited. 

I preceeded in a northerly direction from Dalhousie to Bhale (Balai) and 
Manjir (Manjere), and thence to Bhéndal (Baundal). This section has already 
been described mm a previous paper, and only a few additional observations will 
now be made. 


1Jn the ‘ Palxontologia Indica,’ ser. X, Vol. I, p. 61 (48), I gave these points /ns being 
characteristic of the molars of C. stvalensis, not being then able to notice the difffreuco from 
typical specimens in those I had before me. 
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There is a superficial appearance of bedding in the outcrop of the “ outer 
band ” of gneissose granite, but I think it is only due to irregular jointing. The 
joints that run in the direction of pseudo-foliation are not continuous, but die out 
or run into each other. 

Along the southern margin of the inner band of gneissose-granite the slates 
in contact with it are indurated, and I noted a small vein of granite intrusive in 
the slates near the swing bridge (“ jhula”) under Bhale, 

On the northern margin of this outcrop of the gneissose granite, I observed 
some mica schists next the granite, but an examination of thin slices under the 
microscope has satisfied me that they belong to the margin of the granite itself. 
I can discover no essential difference, save in macroscopic aspect, between these 
schists and the gneissose granite. There is nothing surprising in the fact that 
the margin of the intruded sheet in contact with the slates should have assumed 
a specially schistose aspect. 

In a previous paper I described the narrow outcrop of the gneissose granite 
below Bhale. I have now examined several slices made from specimens taken 
from the sides, middle, and intermediate parts of the sheet, and the result is to 
confirm me in my belief in its eruptive character. No points of difference exist 
between it and the Dalhousie granite, and it reminds me in particular of slice 
No. 15, described at page 132 of my paper in Vol. XVI of the Records. These 
specimens exhibit beautiful illustrations of the sort of fluxion structure detailed 
in my description of the Dalhousie specimens. The flowing lines of crypto-crys- 
talline mica and of microlites do not at all suggest to my mind the appearance 
presented by foliated metamorphic rocks. 

The orthoclase is much cracked and crushed; and the'muscovite, which is in 
large crystals, is oriented in all directions, and appears to have been abundantly 
crumpled and compressed. 

The minerals contained in the rock are the same as those in the Dalhousie 
specimens, though the microcline is sparse. 

There are liquid cavities, with movable bubbles in the quartz, but they are 
much more abundant in the garnets, which probably crystallized at an earlier 
epoch, before the last phase of intrusion commenced. Inclusions have deposited 
mineral matter on cooling, and gas pores are associated with granular mineral 


matter. 

The slates between the inner and outer bands of gneissose iid in this 
section, are very micaceous, and at Bhale they are decided mica schists. 

Between the northern boundary of the inner band of gneissose granite and 
Manjir, the succession appears to be as follows—micaceous slates ; mica, schists ; 
slates; micaceous slates ; slates ; micaceous slates; slates. 

I think j in this section the Simle slates are folded up with older silurian’ beds 
in compressed isoclinal flexures. The decided mica schists are probably beds 
near the bottom of the series. 

Just before the descent to the river Siul commences in the neighbourhood 
Balori, I observed river conglomerate at an elevation of 3,320 feet above the 
sea, being over 800 feet, by my aneroid barometer, above the Siul. In the 
neighbourhood of Bildspur, the capital of a Native State, south-west of Simla, 
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I found river conglomerate! on an isolated hill, round which the Satlej flows, 
980 feet above that river, and in my “ Notes of a tour through Hangrang and 
Spiti”’ * I mentioned the occurrence of river boulders at the top of the Chandan 
Namo pass at an elevation of 12,340 feet above the sca, and about 2,400 feot 
above the present bed of the Spiti river. The explanation I offered, in the 
latter case, was that the Spiti river was formerly as high as the top of the 
Chandan Namo pass, but I now see that this explauation was incorrect. Whilst 
the Himalayan rivers were slowly deepening their channels and excavating the 
valleys through which they flow, the mountains themselves, there is reason to 
believe, were slowly rising at arate probably equal to that of sub-aerial erosion. 
In the case of the river Siul, therefore, though it has undoubtedly cut its way 
through 800 feet of solid rock, there is no necessity for assuming that the river 
ever actually flowed at the elevation at which the boulder bed now rests. 

I always thought that the elevation theory was necessary to explain the pre- 
sent position of the Satlej boulder beds in the neighbourhood of Bilaspur, but I 
now see that it 1s applicable to boulder beds generally throughout the Himalayas. 

The fact that the Himalayas have been slowly rising? whilst the rivers have 
been deepening their channels, explains, I think, why the Himalayan valleys 
are generally so steep and V-shaped. 

The cause of the rising of the Himalayan area, which is probably still slowly 
going on, is discussed at length in the Revd. O. Fisher’s Physics of the Earth's 
Crust. 

Whether, however, the elevation of the Himalayas in most recent geological 
times is due chiefly to the flotation tendency assigned by Mr. Fisher, or to tan- 
gential pressure acting on an area losing weight from sub-acrial erosion, is a 
subject foreign to the scope of this paper. I am only concerned with the fact of 
elevation. . 

Geological observations to support the view that the Himalayas havo risen in 
recent geological times, are not wanting ; for instance, the “ remains of Rhinoceros 
and other large mammals occur at an elevation of 15,000 feet in Tibet, and it is 
not probable that these animals lived in so elevated a region” (Manual of the 
Geology of India, p. 586). 

From Bhandal I followed the Siul river as far as Sangni, and then turnod 
up the valley leading to the high ridge between the Talai and Paterun * trigono- 
metrical stations. 

The valley is at first narrow, and the scenery all the way up it is extromely 
pretty. The foot-path runs for some distance along the banks of a roaring 
torrent through woods of hazel and horse chestnut ; and then, mounting higher, 
passes along sloping pasture lands; and finally plunges into the dark shade of a 


1 The top conglomerate contained Satlej stones only, such as white quartz schist from Ram- 
pur, gneissose granite, purple and red quartzite from the upper Satlej or Spiti, and Jac’ | asaltic- 
looking trap. 

3 Records, XII, p. 66. 

* Physics of the Earth’s Crust, p. 81. 

# Not marked on the map which accompanies this paper. Yaterun is the peak between Tala 
and Dunrat stations. 
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pine forest, in which the holly oak, stunted and weather beaten, seems to have a 
hard struggle for existence. Higher up, the forests cease, and a dwarf rhodo- 
dendron is the only tree that bears the cold of that high elevation, though many 
flowers brighten the grassy slopes. 

Among them a wild poppy of delicate purple blue merging into white is not 
the least beautiful ; whilst a yellow flower, greatly resembling the English butter- 
cup, reminds one of the home so far away. I have not observed the poppy at a 
lower elevation than about 11,000 feet. 

Wild rhuburb abounds at the head of this valley. An officer of Artillery, on 
a shooting tour, whom I found encamped at Ghamkol,! told me that he used the 
rhuburb almost daily for tarts and found it good and wholesome. My friend, 
however, seemed somewhat bold in his gastronomical experiments, for I found 
that he was in the habit of putting many species of tree fungi under contribution 
for the table. The natives of these parts told him that all the fungi that grow 
on oak are wholesome, but that those that grow on pine trees are to be avoided. 
He induced me to try a slice of a huge yellow oak fungus. It had a faint sus- 
picion of mushroom flavour in it, and was not unpalatable. On opening my eyes 
next morning I was thankful to find myself still in the land of the living. 

After leaving Sangni the silurian conglomerate continued up to where the 
second affluent joins the main stream from the north-east. I saw numerous out- 
crops in situ as well as blocks of it. The dip was north-east, nearly vertical, with 
an occasional reverse dip. Subsequently the dip became more moderate. 

As in other sections described, the conglomerate is not uniformly conglomeri- 
tic, but includes slaty bands. The conglomerate is succeeded by dark slates, 
some of which have a dark streak, and doubtless belong to the infra-Krol series. 

Higher up the valley the dip became south-west and south-south-west, but 
finally reverted to north-east. On my way I came upon boulders of conglomerate, 
and near my encampment, at a place called Ghamkol, at the head of the valley 
(elevation 10,630 feet), and near the boundary of the trap, there are some thin 
beds of pale blue limestone. Above these beds, and between them and the trap, 
I came on conglomerate in situ. ° 

At the very head of the Sangni valley, a long spur will be observed, on the 
map, running down from the water parting of the Bhadarwar (Badrawdr) and 
Chamba territories, and dividing the head waters of the valley into two streams 
of about equal size. The trap comes in where this spur joms the main ridge, or 
water parting; it dominates the crest of the ridge for some distance and then 
strikes down in a broad band and joins tne outcrop described in a previous paper 
between Tiloga and Dihur (Duire). 

All along the north-eastern boundary of the trap down to Dihur the silurian 
conglomerate is in contact with the trap, The Paterun station? peak (elevation 
12,260 feet by my barometer) is on the conglomerate. The trap just skirts the 


2 Not marked on the map. It is just under the crest of the xjdge dividing Bhadaw4r from 
Chamba close to the outcrop of the trap. 

2 This is not marked on the map that accompanies this paper. It is the peak south-west of 
the Dunrat station at the point where the ridge strikes in a north-westerly direction to the Tulai 
station, 
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edge of the ridge and keeps on the south-west side of its crest until the apurs 
running up from Bhindal meet the main ridge and culminate in a peak 11,755 
feet high, where the trap rises to the crest of the ridge and forms the rock alouy 
its summit for some miles. 

The trap along this ridge is very much jointed, the principal joints being 
transverse to the strike ; and it affords instructive illustrations of the power of 
frost in combination with jointing to break up rocks. The very crost of the 
narrow ridge, which runs ata tolerably uniform elevetion for somo distanco, is 
formed of a mass of sharp angular blocks of trap piled up one upon another, four, 
or five, or more deep, in tho manner of a moraine, with deep holes gaping between 
them. A sharp shock of an earthquake, on my return to my tents, supplied a 
hint that seismic disturbances ought not, perhaps, to be altogethor left out of 
view in accounting for the piling up of large blocks of rocks one upon another in 
the manner described. 

The route I followed took me along tho south-west boundary of the trap from 
the head of the Sangni valley as far as the spur running down to Digi. 

It is a fine country, but as my tents were often pitched at an elevation of 
more than 10,000 feet above the sea, I found it cold at night, and two days after 
I descended to a lower level, my late camping grounds were white with snow. 

The ridge at the head of the Sangni valley commands a fine view of a range 
of snowy peaks rising to over 21,000 feet in height, whilst my camp was usually 
pitched on grassy slopes, abounding in flowers, just above the limits of the dark 
pine forests that clothe the mountain sides lower down. 

Bears, red and black, and Bara Singha (Cervus cashmirianus) allied to the 
red stag of Europe, and Tahr (Hemitragus jemlaicus) are pretty numerous, and I 
often saw their recent foot-prints, but not the animals themselves. During the 
summer months these grassy slopes support large herds of buffalos and sheep 
which are driven down into the plains of the Punjab when the cold season begins 
to set in. Sportsmen have a poor chance of a bag until these herds have 
departed. 

Along the south-west boundary of the trap the rock in contact with it appears 
to be the silurian conglomerate. No reliance is to be placed on blocks as they 
might be derived from the outcrop on the other side of the trap, but I believe I 
saw the conglomerate zn situ in two instances. The dip is usually north-east, but 
occasionally changes to the west. 

The trap along the outcrop, described in the preceding pages, here and there 
passes into a porphyritic variety. It is a hard, dense, compact rock, ranging 
from a dark purple-grey to a dark greenish-grey colour. Numerous crystals of 
felspar are porphyritically imbedded in the dark base. Further remarks regard- 
ing the microscopic character of the trap will be found in Part II. 

My return route to the Siul was along the spur which rons down from the 
main ridge to Digi. 

The slates dipped from north-east-by-north to north-north-east, very high, and 
with an occasional reverse dip. They were of silurian type and not visibly con- 
glomeritic, but as the outcrops were mostly the up-turned edges of the strata, 
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opportunities of judging of their conglomeritic character were bad, for the pebbles 
are seen for the most part when the splitting surfaces of the rock are exposed. 

About 600 or 700 feet above Digi I came upon a narrow calcareous band, 
the beds being carthy to slaty. 

I have now made three traverses west of the outcrop of the carbo-triassic 
series seen typically below Dihur, viz., up the Sangni valley, down the Digi 
spur, and from Himgiri to Digi; and in none of them did I come across any 
thing like the carbo-triassic limestones. The calcareous band above Digi, and 
the thin bed of limestone near Ghamkol, probably belong to the Blaini or to 
the infra-Krol horizon. 

The carbo-triassic limestones extend very little to the west of Duta. Infa- 
Krol slates and the black crush rock are seen at and near the bridge over the 
Siul below Kotta. A thin band of these rocks may extend up the river as far 
as Pal, and some of them are doubtless implicated in the isoclinal folds between 
the outcrop of the trap and Bhandal, but the carbo-triassic limestones west of 
Duta have either been squeezed out in the plications in which the silurian series 
have been involved, or the area of deposition terminated at Duta. 

Another point brought out by the field observations detailed above, is that the 
outcrop of the conglomerate on the south of the trap is as broad as that already 
mapped on the north of it. South of Manjir some of the streams running down 
fiom the north-west into the Siul contain blocks of conglomerate, showing that 
this formation is wide enough, south of Dihur, to overtop the crest of the ridge 
between Ain and Gutaun. 

From Manjir I crossed the Siul and proceeded along the spur which cul- 
minates in the Dwaut trigonometrial station, and then made for the head of 
the valley under the Rundhar station. 

Simla slates dominate along the crest of the ridge, but the conglomerates 
come in about half way down the north-eastern side of the ridge above the village 
of Mahdeb! (not marked on the map). The bed of the stream contains numerous 
boulders of typical conglomerate. The dip varied from south-south-west to a 
little east of north-east along the ridge, but in the valley under Rundhar from 
east-north-east to north-east-by-east. 

The trap crops out under the village of Bhélu (not marked on the map), and 
is here about 100 yards wide. It is succeeded by the carbo-triassic series 
which is here in great force and very typically developed. The rocks in 
immediate contact with the trap are very micaceous carbonaceous slates ;, then 
follow dark-blue unaltered limestones ; these are succeeded by very micaceous 

ates; thin bedded unaltered limestones occur next and then micaceous slates 
ollowed by limestones. 

These mica slates deserve, I think, some notice. Their micaceous character 
is clearly not due to contact metamorphism,’ for those at a distance from the 
trap, and intercalated between unaltered dark-blue carbonaceous limestenes, are 


2 A local corruption doubtless of Méhddeo. 
® The trap according to my view is an ancient lava and older than the carbo-triassic series, 90 
that beds of the latter cannot possibly have been metamorphosed by the trap. 
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as micaceous as those in contact with the trap. These micaceous slates—mica 
schists they might well be called—suggest, I think, the conclusion, that the mota- 
morphism of the type which consists in the formation of hydro-micas—or micas 
of the species usually developed in slaty rocks—may be brought about by aqueous 
or hydro-thermal agencies, accompanied by a very moderate amount of heat. Here 
we have highly micaceons slates intercalated with dark carbonaccous limestones 
that give no trace of having been subjected to heat. 

The outcrop of the trap in this region runs with the southern boundary of 
the carbo-triassic series. In the north-westerly direction the trap evidently 
extends beyond Bailanm to near Sanaira, for the stream that flows under that 
village into the Siul contains boulders of it. No outcrop of it is to be secon on 
the Kalel road or between Manjir and Dihur. 

In its south-easterly extension, the trap runs past Chanena (not marked on 
the map); and crossing the ridge west of Hulh (Hul), makes for Kail and Dila. 
It tops the ridge east of Hulh above the village of Dhar, and then striking 
for Amraili crosses the Sao valley about three-quarters of a mile north of Sao. 
The outcrop is here about 200 to 250 yards wide. 

The carbo-triassic series continues in contact with the trap across the Hulh 
and Sao valleys. In ascending the latter valley the last of the scries seen 
appears to be a massive grey quartzite. The dip is north-east-by-north. 

The carbo-triassic series is succeeded by a very fine-grained massive silici- 
ous rock of grey colour that gradually passes into massive slates. Some of the 
former weather brown and some greenish, and they have superficially a trappean 
aspect ; they are also extremely tough and hard to break. 

I explored the Sao valley for some distance beyond Lolaya in the direction 
of the glaciers at its head and then returned to Sao. The next day I proceeded 
up one of the side valleys in order to cross the high range that divides it from 
the Chanju valley. The first march took me to Sarrah (elevation 7,140 feet), 
a village not marked on the map. Dip perpendicular. The next day’s march 
was rather a severe one, but fortunately I engaged ten extra coolies for my 
things; had I not done so I should not have seen any of them by nightfall. 
First we had a stiff ascent to the summit (11,525 feet above the sea), and then 
a walk for some miles along the ridge. No suitable place for an encampment 
presented itself, as the nearest water was about 700 or 800 feet below us, and 
firewood was almost as distant. We pushed on down a precipitous descent for 
some Gujar huts about 3,000 feet below, which we reached about 5 in the 
afternoon, The spot was indeed a lovely one—a grassy glade in a pine forest 
with the peaks and glaciers of Kailu and Kalka well in view ; but alas the Gujars 
with their herds had left the spot, the streams had dried up, and no drinking 
water was to be had within a radius of 14 miles. There was nothing for it but 
to push on for the nearest village, Sundri (Sunder), 3 miles further down 
the mountain, which I reached at dusk after walking for 11 hours, climbing 
4,385 andjdescending 4,525 feet. 

The first thing to be done was to send back men with torches for the coolies, 
who finally arrived without serious accident, my crockery only coming to grief by 
the way. 
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The march, though long, was a delightful one. From the crest of the ridge, 
the Kailu (18,639 feet in elevation) and its twin peak Kalka with the glacier 
between them, 8 miles distant as the crow flies, formed a beautiful subject 
for a picture, A snow-storm was going onin the back ground; the warm sun 
gilded the rich red and brown autumnal tints of the foreground ; whilst checkered 
and ever changing lights and shadows were playing over the forests and 
the grassy slopes of the middle distance. The clouds tipped the peaks and 
cast their deep shadows over most of the snowy masses around; whilst the sun, 
bathing the glacier of Kailu in light, made it, by its contrast with the gloomy 
masses by its side, look like the portal of a heavenly world beyond. 

At the village of Sundri there was not a square foot of available level ground, 
all the terraces being under crops, and so I had to pitch my tents on the flat roof 
of a house, The process of washing my face and hands in the morning was a 
source of great delight to a group of village maidens, who in these mountain 
villages seem wholly unacquainted with the cleansing properties of soap and 
water. 

Between Sao and Sundri (Sunder) I saw nothing of the conglomerate; on 
crossing the stream under Chanju, however, I came on blocks of it, and encoun- 
tered them in nine different places between that and Bagai. These blocks were 
not in situ, but they appeared to be fragments of the local rock with which the 
matrix of the conglomerate quite corresponded. The dip was at one time south 
but afterwards reverted to the normal direction. Below Bagai, on the left or 
south bank of the river, I found the conglomerate in situ twice. 

From Kalel the conglomerate appears to strike nearly due east for Bagai and 
to continue thence towards the Chara Pass, where I am told that it occurs by 
Dr. Hutchinson of Chamba. 

In the course of the plications in which the Chamba rocks have been involved, 
silurian rocks, lower in the scale than the conglomerates, appear to have been 
brought in between the latter and the carbo-triassic series, which in the Manjir- 
Kalel section is in contact with the conglomerates on both sides. 

The dip between Bagai and Jasaor is about south-south-west. 

On the Kalel and Balore road, on both banks of the river that flows between 
Daund and Balore, I came upon numerous blocks of the conglomerate (they are 
very abundant in the bed of the stream); and though, owing probably to the 
abundance of vegetation, I did not find any actually in sifu on the ascent to 
Masrund,? I doubt not that the conglomerates, which are visible in stéu in 
numerous places round Manjir, and which we have seen in the preceding pages, ° 
are abundant along the head of the Bailaum valley, are continuous between the 
two places. 

During”the summer of 1884 official duties led me to Simla, and I was unable 
to carry out a projected tour in Pangi; Dr. Hutchison, of the Chamba Mission, 
however, kindly undertook to make observations for me, and in particular to 
mark the boundaries of the silurian conglomerate. His notes are given fur- 
ther on. 


1 A halting place rot marked on the map. 
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On my return from Simla I was able to make a short tour up the Kali Cho 
(Kali Chu) valley, in November, and I now proceed to give the results. Our 
party consisted of Dr. Hutchison, my wife, and myself. We proceeded eastwards 
from Chamba up the Ravi to a point opposite Basu, when we turned northwards 
and journeyed vid Guh up the Belij (Bailj) valley as far as Kanaiter. A very 
stiff climb of 5,200 feet from our encamping ground in the bed of the stream, 
under Bulote, took us to the top of the Kanaiter pass, which we crossed at an 
elevation of 10,125 feet. 

The hill sides were white with snow and the tracks of bears, probably the red 
bear, were rather numerous. Our route lay just under the Thala station, and 
we crossed the second ridge running down between Oure and Thala (Thale) at 
a high elevation. We encamped at the Dul,' a level plot of land that must onco 
have been a mountain tarn, just above the junction of the stream flowing from the 
Silpiri station and the highest stream running into it from the north-cast. 

The march was a somewhat trying one, and though we started ‘early our 
coolies did not get in until long after nightfall. About dinner time the sad news 
was broken to us that all our crockery had been left behind at tho top of tho 
pass; that the coolie carrying the load had given himself up for lost, and had sat 
down to cry ; and, that as he was deaf and dumb, the eloquence of our servants 
had been exerted on him in vain. 

Parties with a lantern and torches were sent back to aid those behind, and 
finally all our men arrived without accident. 

The Dul we found to be interesting from a geological point of view: it is evi- 
dently a dried up tarn, and the mode in which 1é was formed is not far to seck. 
The bed of the dul is bounded on the south by what appears to be an old 
moraine. It rises abruptly from the bottom of the dul to tho height of about 
60 feet, and on the outer side, descends at a high angle to a considerable depth 
into the ravine below. This bund runs in a straight line at right angles to 
the course of the stream, which has cut a narrow channel through it, at one 
side of the little valley, at its junction with the solid rocks. The bund is appa- 
rently formed of angular blocks of rock; there is nothing in the conformation 
of the hill sides around to suggest the possibility of a land slip, and a careful 
inspection of the locality convinced Dr. Hutchison and myself that the bund 
is an old terminal moraine, and that the ancient tarn was formed by the shrink- 
ing of a glacier that has long since disappeared. The elevation of the Dul, 
measured by my aneroid, is 7,825 feet above the sea. ; 

Our onward route was vid Guar and Tanda to Chalaur, and thence through 
Manda and Bani along the right bank of the stream until we came abreast of 
Badra, when we crossed to the opposite side. 

The last 3 or 4 miles of this march illustrates well the general character 
of the roads traversed during the whole of this tour and the kind of walking 
that the Himalayan geologists must be prepared to encounter. Our route lay 
along the precipitous sides of the mountain; the path was not more than 9 
inches wide; a fringe of grass along the edge seemed to invite the foot but gave 


1 On the accompanying map the Dul is just below the O of the elevation of the Thala station 
12,208 feet). 4 
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way the moment it was trodden on. A fall would inevitably be fatal, for there 
was neither tree nor bush to save you, and the mountain side sloped down to the 
river, some 1,500 feet below, at so high an angle, and was clothed with grass so 
slippery, that nothing could have saved a man once in motion downwards. 

This was varied every now and then by rock work along precipices where you 
needed to use your hands, as well as your feet, and to be clever in prospecting 
your way. 

The trying part of the march, however, came as a bonne bouche at ite end. 
The torrent under Budra has cut a deep narrow gorge through the mountain ; 
descent to the water’s edge was impossible, and the only way to cross the stream was 
by a frail bridge stretched from rock to rock some 150 or 200 feet above the 
roaring torrent below. The bridge was formed of three poles about 30 yards in 
length, and across them small roughly hewn planks were fastened with twigs 
forming a roadway of about a yardin width. A plank was dangling by one end 
over the chasm below, leaving a gap in the roadway, and suggesting painful 
doubts regarding the stability of the rest of the structure. The bridge had neither 
railing nor hand ropes. 

There was nothing to be done but to face the bridge, and so [ mounted the 
pile of stones that kept the poles at one end in their places and started. I must 
confess that when I nesred the centre my heart failed me, and I felt horridly 
tempted to turn back, but a moment’s reflection convinced me that if I attempted 
to do so I should probably topple over, and so I strode onwards with hastened 
step and cleared the bridge with great thankfulness. 

Now came my wife’s turn. My guide doubted her being able to retain her 
presence of mind, and wanted to bandage her eyes and carry her over on his back, 
but she disdained to accept this mode of progression and walked over with steady 
and unfaltering step. 

I was not surprised to find that one of the laden hillmen who arrived whilst 
J was resting at the bridge was unable to face it, and a man with a better head 
was obliged to cross over and relieve him of his load. 

From Budra we proceeded up the stream as far as Luindi, a hamlet of three 
huts, the highest inhabited place in the valley. The season was too late to 
proceed any further, and there was no object in our doing so, for an inspection of 
the boulders in the bed of the stream, flowing down from the K4li Cho, showed 
that no new rocks come in between Luindi and the crest of the pass. 

Our return route was along the left bank of the stream vié Baragrao and 
Tatahu to Kani, on the right bank of the Ravi, and thence to Aulansa (Hulans). 
On a previous occasion! I proceeded from Aulansa to Chamba vid Kote, but on 
this occasion we struck down to a new road in progress of construction along the 
bed of the Ravi, as that gave good exposures of the rocks. 

From Bakaun I went up the stream running to the west of the Basu station 
and marked the boundary of the outcrop of gneissose granite there. In this 
region it is a porphyritic and perfectly granitic rock. 

Having described my route, the rocks seen by the way can now be noted. 

© conglomerates crop out under Guh (north of Basu) and continue typically 
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developed to the point noted on the map. They dip under limestones that 
remind me somewhat of the Blaini rocks, and which, like them, effervesce slowly 
with acids. The outcrop is about 100 yards thick, and it is followed by slates, 
some of which are rather dark. Limestones succeed at the stream to the south of 
Puger. These effervesce freely with acids. From this point up to the head of the 
valley the rocks are silurians, viz., what appear to be Simla slates and fine-grained 
silicious beds, many of the latter being superficially of trappoidal aspect similar 
to those north of Sao. 

In this section the lower siltrians are nowhere reached. The apparent thick- 
ness of these beds is very great, but the rocks are, I think, repeated by floxures. 

On the homeward journey we carried these silurians with us all the way to 
Kani, Just below this village the carbo-triassics come in. On the descent to the 
Ravi we noted five outcrops of them intercalated with slates; tho first outcrop 
being about 300 yards in thickness. The limestones here are very carthy, and for 
the most part so shaly in appearance that the hammer and acid bottle had to be 
in constant use. A casual traveller might easily overlook these outcrops altogether. 

The limestones are succeeded by the conglomerate; the limestone in actual 
contact with the latter weathers brown and efforvesces slowly with acids, remind- 
ing one in both respects of the Blaini magnesian limestone. 

The outcrops of the conglomerate between Aulansa and Chitrali (Chitrahi), 
along the Koti road, have been described in a former paper. Descending to the 
Ravi, I noted an outcrop of trap in the slates near the border of the conglo- 
merate. It is only about six yards wide, but it appears to be interbedded with 
the slates, and to be on the same horizon as the Sao trap, 

The conglomerates exposed on the new road are, as usual, not continuously 
conglomeritic, but they are seen typically developed on both margins and at least 
one other intermediate place. The total apparent thickness of the series ig very 
great, and one must either suppose that the period during which the conglomerates 
were laid down was of ‘great duration, and that the conglomeritic period recurred 
more than once, at long intervals, under conditions precisely similar to those of 
the first deposition; and that the rocks under denudation and the mode of 
deposition were identically the same on each recurrence of the conglomeritic 
period ; or we must suppose that the thickness of the conglomeritic series is 
apparent only, and that the conglomerates are repeated by folding and flexures. 

The latter supposition is the one I have adopted. The section along the river 
presents much to support this view. Dark slates, which are probably infra-Krol, 
are, I think, folded up with the conglomerate, whilst a very peculiar rock is un- 
doubtedly reproduced, This is a very white rock which at first sight seems to be 
calcareous, but it refused to effervesce with acids. 

Among the beds folded up with the conglomerates is a rock with dark bands 
in it that presents some interesting and instructive examples of small local 
faulting. 

Throughout the area embraced by my tour of November 1884, the dip of the 
strata is uniformly north-easterly. From Kanaiter to Guar the dip is very high 
and in one place quite perpendicular. Opposite Budra the strata on the top 
of the mountain present to view a flat wavy synclinal flexure, whilst the beds 
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below are in some places almost perpendicular, and in others crumpled into sharp 
folds like the capital letter M. At first sight one might suppose that the strata 
on the top of the mountain opposite Budra rested unconformably on the perpendi- 
cular and contorted rocks below, but I feel sure that this appearance is only the 
result of the great lateral pressure to which the rocks have been subjected, and 1s 
to be explained in the way suggested in my first paper (Records X, pp. 208, 209). 
The present contour of the mountains having been determined before the last 
Himalayan disturbances took place, the strata in the direct line of the squeeze 
naturally suffered more than the strata above that line. 

The explanation which I have given in Part III of this paper of the section 
through Hulh (Hul) applies, I think, to the stratigraphy of the Belij and Kali Cho 
valleys, the only difference being that the silurians in their south-easterly exten- 
sion have been involved in more flexures than those in the Sao section—their 
apparent thickening being due to this cause; and the Simla slates have been 
in the Belij cection introduced next the carbo-triassic series, and are probably 
repeated further north. 

The following notes on the geology of the Pangi valley south of Kilar have 
been written for me by Dr. Hutchison, and contain the results of his observa- 
tions this year :— 


* As far as the village of Haile,’ the silurians continue with a low south-west aip, and beyond 
this a north-east dip sets in. About 8 miles north of Haile, where the second nallah from the north 
joins the main ice stream, the micaceous schistose beds give place to the Blaini conglomerate with 
white and grey quartz pebbles, which however did not seem to be very numerous. A little farther 
north the rocks are coloured with iron oxide, but they seemed to be of the same character as the 
conglomerates. Procceding towards the Cheni (Chaia) pass the conglomerate rocks still continu- 
ed, and were in places well marked ; and the main ice stream contained numerous boulders of a con- 
glomeritic character. About 2 miles from the top of the pass these rocks began to be mixed up 
with rocks of a slaty appearance and non-conglomeritic ; and the top was composed of slates of 
much the same appearance and character as the coarse slates used for roofing. The dip from 
Haile to the summit was north-east at a low angle, getting higher and higher near the top; anda 
mile to the north of it the strata became quite perpendicular, and continued so till the Chandra 

_Bagha river was neared when a high south-west dip set in. About half-way below the top of the 
pass, and the junction of the ice stream with the Chandra Bagha, there is a very well marked out- 
crop of conglomerate about half a mile or so in thickness. The rocks between the top of the 
pass and this outcrop did not seem conglomeritic, but I suppose they must be regarded as be- 
longing to the conglomerate series, North of this point the rocks seemed silurian—micaceous and 
qua: tzose schists and slates. 

From near Kilar to a point one mile south of the Mocha stream the rocks are silurians with a 
south-west dip. South of this there are two very narrow bands of a pule blue sub-crystalline 
limestone, each 9 or 10 feet thick. Succeeding these is a well-marked outcrop of conglomerates 
which continue to a point opposite the village of Phinphar. Throughout a considerable portion 
of this distance the road is partly cut out of the solid rock and partly supported on crowbars fixed 
horizontally into the face of the perpendicular cliff. The matrix of the conglomerate is micaceous 
schist, and the contained boulders are chiefly of white quartz, some of them as much as 9 
inches in their long diameter. These rocks are succeeded by silurians with a south-west dip getting 
higher and higher till the strata become perpendicular to the south of the Cheni stream and 
opposite the village of Kalaul; and they continue so as far as the village of Sugwas. Here a 
band of limestone comes in, 140 feet in thickness, of a dark colour, soft and friable. Next come 
slaty rocks for half a mile or so, and then another band of limestone, sub-crystalline in texture, 


Haile is on the norzh side of the Cheni (Chaia) pass north of Debi Koti, 
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and also about 140 feet thick. This is followed by well-marked conglomerates, full of pebbles 
which coutinue nearly as far as the point where the river bends round to the south. The dip 
opposite Sugwas is still vertical, but beginning to incline to the north-east, and this inclination 
becomes more marked as the southern border of the conglomerate is neared. Next come micaceous 
and quartzose rocks with a moderate north-eagt dip till after crossing the stream coming down 
from the peak marked “ snowy peak black cone 17,145 feet” and half way between that stream and 
the one to the south of it the conglomerates come in again and continue till the stream from the 
Drati pass is neared. The rocks abound in pebbles of white and grey quartz, and the rocks on the 
other side of the river are seen to be also conglomeritic and weathering a very black colour near 
the margin of the water. In the bed of the Drati stream the rocks are greenish in colour and 
not conglomeritic; they look like middle silurians. These continue with a moderate north-east 
dip to within a short distance of the large stream which joins the Chandra Bagha from the south— 
midway between Tindi and Silgraon. Here well-marked conglomerates come in again with pebbles 
of white and grey quartzite and granitoid gneiss, the latter becoming more numerous near Silyraon 
encamping ground. They have a north-east dip and continue to within a mile of the point 
marked “bridge” on the map. Immediately above the bridge and on the left bank of the rive: are 
seen (from the opposite side) several large blocks of quartzite from 2 to 3 feet long and 8 or 9 
inches thick embedded in the slates beyond the border of the conglomerate 

These silurian slates continue on into Luhoul, the dip becoming perpendicular between 
Silgraon and Margraon and inclining over to the south-west beyond Triloknath. In the stream 


to the south of that place, there are many large and typical boulders of conglomerate, but | 
nowhere saw the rock tx situ. 


On my return journey I crossed the Drati Pass, but found no rock which appeared to mo 
conglomeritic till I came within a mile of Chanju. The Chara Pass is I know composed of 
conglomerate which seemed to me, when I crossed it two years ago, to extend continuously from 
half way down the northern side of the pass to the village of Bagai (Baghi) below Chanju.” 


I have marked the outcrops of conglomerate noted by Dr. Hutchison on my 
map in consultation with him, and these outcrops I have connected with those 
observed by me on the north-east side of the Sach Pass, and on the western sidc 
of the snowy chain. 

Dr. Hutchison 6, Slieves that the outcrop at Phinphar (the most northern 
outcrop marked ow the map, a little to the south of Kilar) is continuous with 
that which crops out on the north-east side of the Sach Pass, The latter out- 
crop, he believes, splits into two arms—one curving round to Phinphar, and the 
other joining hands with the outcrop at Sugwas. The latter supposition does 
not seem open to any doubt, as the conglomerate has been seen in situ by Dr 
Hutchison on both sides of the Cheni (Chaia) Pass, and its boundaries on both 
sides of that pass have been carefully noted. 

It is not improbable that the outcrop on the north-east side of the Sach Pass 
splits up in the manner suggested. The apparent thickness of the conglomerates 
I have all along supposed to be owing to flexions; and to older, and probably at 
times younger, slates having been caught up in their folds. The splitting up 
then of the Sach congiomerate into two arms seems to be only a reproduction of 
the conditions of the Hulh (Hul) section, where a great thickness of silurian 
slaty rocks have, in the manner explained in Part III, been inserted between the 
Sao and Bagai outcrop of the conglomerate. 

The Phinphar outcrop of the conglomerate apparently curves round to the 
north-east, for Dr. Hutchison tells me that he found numerous boulders of this 
rock as well as limestone near the village of Banu up the Hanan nala, which 
runs into the Chandra Bhaga at Kilar. 
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Dr. Hutchison is also of opinion that the Sugwas and Sulgraon outcrops are 
continnous (which was also the view taken by Mr. Lydekker), and that the out- 
crops observed by him (Dr. Hutchison) on both sides of the Chara Pass runs 
into it. 

The Salgraon outcrop apparently curves round and runs along the northern 
side of the Kali Cho, for Dr. Hutchison observed numerous boulders of it in the 
stream flowing down from the Cheroh snowy cone into the Chandra Bhaga at 
Triloknaéth ; whilst we saw none in the bed of the stream at Luindi on the south- 
ern side of that mountain. 

The slates associated with the upper silurian conglomerate in the parts of 
Pangi embraced by Dr. Hutchison’s paper are probably middle silurians consider- 
ably altered by the proximity of granite. 

It is interesting to note that, as in the Simla area, the conglomerates are rare- 
ly far separated from limestones ; those immediately in contact with them present- 
ing points of resemblance to the Blaini rock, 

I have not coloured the limestone outcrops noted by Dr. Hutchison on my map, 
because the doubt remains whether they are of upper silurian age, or whether 
they also embrace some of the carboniferous limestones. This doubt was also 
felt by Mr. Lydekker with reference to the limestones observed by him in the 
region embraced by Dr. Hutchison’s paper. 

In the typical Simla area a thick band of infra-Krol (carboniferous) slates 
intervene between the Blaini (upper silurian) limestones and the carbo-triassic 
(Krol) series; but these carbonaceous slates seem to be sometimes absent in the 
Chamba area. 

In view of this difficulty, and in the absence of fossils, I have thought it best 
not to give the limestones of Pangi, noted by Dr. Hutchison. a distinctive colour 


on my map, is 
‘?T 


Conclusion. 


The result of the tours detailed in the preceding pages has been to confirm me 
in the view expressed in my paper on the Geology of Dalhousie, that the trap of 
the Dalhousie-Chamba area is of infra carboniferous age, and that in this region 
it comes in between the carbo-triassic and the silurian series. 

To the north-west of Dihur, where the carbo-triassic limestones have either 
thinned out, or, more probably, have been squeezed out in the course of the pli- 
cations in which the Chamba area has been involved, the trap is in contact with the 
upper silurian conglomerate along both margins; whilst at Dihur, and in the 
Bailaum-Sao direction, it comes in between the carbo-triassic series and the con- 
glomerate, 

The trap dies out between Dihur and Bailaum, but it will be seen on referring 
to the map that the disappearance of tke trap coincides with a very sharp bend 
in the strike of the strata. The trap when it disappears in the neighbourhood of 
Dibur is in contact with the northern boundary of the carbo-triassic series, whilst 
when it re-appears it is in contact with the southern boundary of that series. On 
the supposition that the trap intervenes between the upper silurian conglomerates 
and the carbo-triassic series, this may be accounted for by the flexions in which 
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these rocks have been involved. Moreover, the deposition of the lava streams of 
the infra-carboniferous volcanoes may have been limited towards the west in the 
Dibur area, and towards the east in the Bailanm and Sao area. Furthermore, it 
is evident that the plications in which the Chamba rocks have been involved 
resulted in faults, for the upper silurian conglomerates, which are in contact with 
the northern boundary of the carbo-triassic series at Dhar and Kalel, have been 
removed to a distance from that boundary in the Hulh and Sao sections, what 
appear to be silurian rocks lower in the series than the Simla states coming in 
between them. 

The northern boundary of the carbo-triassic series in the Bailaum-Sao area, 
therefore, being evidently a faulted one, the non-appearance of the trap along the 
northern boundary of the carbo-triassic limestones in that area need occasion no 
surprise. 

The fact that the trap dies out between Dihur and the neighbourhood of Bai- 
laum may be due either to faulting or to the fact that the Dihurand the Bailanm 
flows were connected with different volcanic vents, and the lava flows did not 
extend into the area between Dihur and Bulaum. This last explanation is, I 
think, the true one, and it is the one which I have adopted in Part III of this 
paper. 

Mr. Lydekker at page 241 of his memoir on Kashmir remarks that “ It cannot 
be taken as certain that all the conglomerates of the Kashmir valley correspond tw 
the Blaini conglomerate, since in the Pir-Panjal range the conglomerates appear 
to occur in the middle of the slate series, and are never even when the traps are 
absent in direct contact with the Zanskar rock.” 

I do not venture to offer any opinion about the Pir-Panjal rocks, but the re- 
sult of my explorations detailed in this paper show that where plications and 
faults are abundant, some sections are apt to be misleading. A traveller journey- 
ing northwards from Hulh through Chanju would encounter a great thickness of 
silurian rocks on either side of the conglomerate; whilst another journeying 
northwards along a parallel line through Kalel would find the conglomerate 
in junction with the carbo-triassic series on both sides of the outcrop of the 
latter. 

I have examined under the microscope a slice of the fine-grained sandstone 
which intervenes between the conglomerate at Chanju and the carbo-triassic 
series at Hulh. It is a highly indurated rock composed of grains of quayty and 
felspar with strips of muscovite in it here and there. The whole of the interstitial 
mud has been converted into mica, apparently paragonite. Under the microscope 
the sandstone has an ancient aspect, and its appearance confirms my impression 
that it is a silurian rock that occurs lower down in the series than the Simla 
slates. 


PART II. 
THE MICROSCOPIC STRUCTURE OF THE TRAPS DESCRIBED IN PART I. 


I have already described in the preceding pages the way in which trap crops 
out along two distinct lines, one to the north, and the other to the south, of the 
carbo-triassic series. In the following pages I purpose giving the results of the 
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examination of thin slices of these traps under the microscope, and then to 
compare the two outcrops with each other, and with that in the Dalhousie area." 
I shall begin first with the trap to the north of the carbo-triassic series, 


Ridge above Bhdndal— Altered Basalts. 


No. 1,—A greenish-grey rock mottled with epidote. Sp. G. 2°86. 

M.—The groundmass consists of triclinic felspar crystals radiating in all 
directions. Augite was originally abundant, but a considerable portion of it has 
been converted into epidote in situ. The augite is traversed by cracks stopped 
with epidote and viridite. 

The slice contains much magnetite, or ilmenite, and some hematite and 
viridite. 

The rock is an altered basalt approximating to a diabase. No glassy base can 
be made out and the slice contains no liquid cavities. 

No. 2.—A greenish grey compact rock rather mottled in its appearance. Sp. 
G. 2°94. 

M.—Epidote abounds in this slice, but no augite can be identified with cer- 
tainty. Viridite is abundant. The felspar is in rather large crystals, many of 
which are visibly triclinic. 

The slice contains a small amygdaloidal cavity stopped with viridite, calcite, 
quartz and a white zeolite. The quartz contains a few liquid cavities with 
movable bubbles. 

I think this specimen belongs to the same class as the last, but it is a highly 
altered rock. 

Andesites. 


No. 3.—A greenish-grey compact rock. Two amygdules are visible in the 
hand specimen, composed of a white zeolite and a little epidote. Sp. G. 2°80. 

No. 4.—A greenish-grey compact rock, little red specks being visible in it, 
here and there, due to the peroxidation of the iron. This sample is very like a 
typical specimen of the Mandi and Dalhousie traps. Sp. G. 2°82. 

M.—Most of the felspar is visibly triclinic and it is grouped in the usual 
stellate manner. Crystals of epidote are here and there to be seen, and there is a 
considerable amount of viridite in irregular lake-like spaces. A green dichroic 
mineral, which appears to be hornblende, is present in minute prisms, fringing, 
or more or less connected with viridite. 

Extinction takes place at an angle from the axis of the prism which agrees 
with the angle of extinction for hornblende. 

There is a good deal of ilmenite, and possibly magnetite, present in the slice, 
besides some leucoxene, hematite and ferrite. The red spots seen on the hand 
specimens are due to the two latter secondary products. 

These specimens, which appear to belong to the andesite group, are particu- 
larly interesting, as they seem to me to exhibit in its first stages those metamor- 
phic changes, which have, I think, converted some of the igneous rocks of the 
Satlej area into hornblende schists. 


? Desoribed in Records, XV, p. 34, 
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No liquid cavities are present in slices 3 and 4. 

No. 5.—A greenish-grey compact rock. It fuses under the blowpipe to a 
dark, almost black, magnetic bead. Sp. G. 2°79. 

M.—This is a highly felspathic variety; it consists of congeries of felapar 
crystals, many of which are visibly triclinic, imbedded ina glassy base. A pale 
almost colourless viridite is rather abundant. Very little epidote is present. 
The slice contains a considerable amount of magnetite and a red product of its 
viteration. This specimen is, I think, a transitional variety between the andesites 
and felsites, 


Felsites. 


Nos. 6 and 7.—Greenish-grey compact rocks. Sp, G. 2°96 and 280. Both 
fuse under the blowpipe to a dark, almost black, magnetic bead. 

M.—No. 6 consists of epidote in a colourless glassy-looking base, which 
remains dark when revolved between crossed nicols. 

No. 7 has none of the microscopic characters of serpentine, and it unquestion- 
ably is not that substance, but neverthcless under the microscope it looks more 
hike serpentine than anything with which I can compare it. In ordinary trans- 
mitted light it appears to be composed of granular matter imbedded in a colour- 
less, or nearly colourless, base. Between crossed nicols the granular matter is 
seen to be isotropic, and the field remains dark between crossed nicols, relieved by 
stripes and irregular patches of the doubly refractive matter which polariso with 
a yellow tint. 

A little epidote and calcite are to be seen here and there; whilst the slice 
irjptappled with patches of a substance, white in reflected, and opaque in trans- 
m cted light. Neither specimen contains any trace of a basaltic mineral. 

No. 8.—The weathered surface has a slaty aspect, but when a lens 1s uscd, un- 
weathered portions present a mottled felspathic appearance. In colour the rock 
is a pale greenish-grey, Sp. G. 2°81. 

M.—The groundmass consists of a glass of very pale yellow-ochre colour in 
transmitted light. In this there are little patches and strings of colourless 
granular matter, crystalline in aspect, which remain dark when revolved under 
crossed nicols. Clear lacune of the yellow glass are seen here and there: they 
have invariably a border of the granular matter, and patches of this product of 
divitrification penetrate into and are dappled over the lacuneg. 

Under crossed nicols the pale yellow base breaks up into a black and white, 
mottled crypto-crystalline mass, whilst here and there portions polarise with a 
yellow tint. " 

The arrangement of the whole, both with and without polarised light, is 
highly suggestive of fluxion structure. 

A few specks of red ferrite are visible in the slice. 

No. 9.—A compact rock of reddish brown-colour mottled with green. Sp. 
G, 2°80. 

M.—The base is crypto-crystalline like the last specimen. In this blebs of 
quartz are sparsely distribated, and there is a considerable amount of epidote, 
Some of the latter looks much like augite in process of conversion into epidote 
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There are cracks and veins in the slice filled with quartz, and some of these cracks 
penetrate the epidote. 

The quartz contains liquid cavities with movable bubbles, bat they are very 
minute and require high powers to be visible. 

The magnetite has almost wholly been converted into an opaque red ferrite 
and to this change in the oxidation of the iron the red colour of the rock is due; 
the yellowish-green patches being due to the presence of epidote. 

Specimens 6 to 9 must, I think, be as classed as felsites. 


Basalt Porphyry. 


Six hand specimens and seven thin slices of the porphyritic variety of the 
trap found on the ridge above Bhandal have been examined. 

The porphyrite is an extremely tough rock and breaks with great difficulty, 
even when a heavy hammer is used. The matrix is perfectly compact, and it is 
generally of a dark bluish-grey colour, though in some specimens it is greenish- 
grey. 

The specific gravity of the basalt porphyries ranges from 2°76 to 3°01, the 
average specific gravity being 2°89. 

Under the microscope, the groundmass, in most of the specimens, 1s seen to be 
of basaltic structure, and consists of minute prisms, and crystallites of felspar, 
set in a matrix of fine granular matter; whilst in others this granular matter is 
comparatively sparse, and the groundmass approximates, in character, more to an 
andesite or trachyte, and consists of a net work of minute, but for the most part, 
imperfectly formed crystals of felspar. 

F]uxion structure is more or less observable in all the specimens. In so1:e 
the groundmass passes here and there into a micro-felsitic substance. 

Magnetite is abundant in all the slices, being present in micro-grains of irregu- 
lar shape. Ilmenite also is, or has probably been, present, as the slice is dappled 
with an opaque substance resembling leucoxene. 

Augite in granules appear to be sparsely present in a few specimens. 

The great majority of the porphyritic crystals, and a large number of the 
micro-prisms of felspar, are visibly triclinic. The former are much corroded, 
cracked and broken, whilst portions of the groundmass penetrate into their sub- 
stance in the form of tongues. Some of those large plagioclase fragments are 
much bent, the planes of twinning being bent with the prism; whilst one crystal 
is broken into fragments which have been floated to some little distance from each 
other, These porphyritic crystals clearly belong to the first epoch of consoli- 
dation. 

The slices contain rather large crystals of augite, but most of it is much 
altered, being converted into a brownish-yellow substance, or into epidote. 

Ono of the slices, the groundmass of which is of unusually small grain, 
abounds in what appear to have been vesicular cavities. They are nearly all 
flattened and drawn out into irregular-shaped lacunm. They are lined round the 
edge with granular epidote and stopped with epidote, and a serpentinous-looking 
substance, of the palest yellow tint in transmitted light. 
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Some of the large felspars contain cavities filled with viridite and epidote, 
which probably represent olivine or augite crystals: others contain small patches 
of calcite and viridite, the evident products of decomposition. 

A few cavities contain secondary quartz and a zeolite. 

In one of the slices, the magnetite, which here and there is crystallized in a 
regular manner, exhibits a tendency to assume semi-circular forms. One of the.e 
figures resembles the wheel of a cart cut in half, there being a thick semi-circular 
ring of uniform width with spokes radiating to it from a sort of nave. 

I have not detected any liquid cavities in the secondary quartz or in the 
felspar. 

This variety of the trap should, I think, be called a basalt porphyry. 


Ridge above Tiloga. Volcanic tuffs. 


No. 17.—A greenish-grey compact rock ; Sp. G. 2°67 
», 18,—A grey compact rock . : : Sp. G. 2°82 
» 19.—A dark greenish-grey rock : : Sp. G. 2°93 
» 20.—A grey compact rock . Sp. G. 2°87 
», 2l.—A greenish-grey compact rock . Sp. G. 2°70 


In No. 17 the weathered surface presents a fine-grained granular appear- 
ance, which strongly suggests the idea that the rock is a consolidated ash. In 
No. 18 the surface is so overgrown with lichen that nothing can be made out ; 
butin No. 19 the granular character is somewhat doubtfully discernible. In 
Nos. 20 and 21, the weathered surface gives indications of a laminated arrange- 
ment of the materials. Most of the specimens are more or less finely vesicular, 
or have empty interspaces here and there between the grains. 

M.—The majority of the slices are distinctly vesicular, a structure which-is 
very characteristic of an ash,! but, with the exception of No. 20, none of the slices 
give any indication of fragmentary structure under the microscope. In the last- 
mentioned slice, much of it is seen between crossed nicols to be fibrous in patches, 
the fibres in one patch running ina different direction to those of neighbouring 
patches,—an arrangement which imparts a fragmentary appearance to the whole. 
In No. 21 the remains of a crumpled lamination are distinctly visible, the old 
lamination being represented by irregular lines of viridite. 

No augite, felspar, or other original mineral of the lava, except magnetite, is 
visible in any of the slices; but epidote, green mica, and patches of calcite are 
generally distributed throughout them. 

A dull quartz finds a place more or less in all the slices ; it is scattered about 
in minute flecks, or in micro-grains, which exhibit astrong tendency to cluster to- 
gether, and form, with granular viridite, spots dotted over some of the slices. 
Magnetite also shows a tendency to form borders round these spots, and here it 
is probably a secondary product. 

Irregular veins traverse some of the slices, and they are stopped with qnartz, 
magnetite, and granular viridite. Some amygdaloidal-looking cavities aro filled 
with calcite, and quartz, in micro grains. 


1 See Dr. Sorby in Q. J. G. S., Vol. XXXVI, p. 55. 
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Viridite forms a more or less prominent object in all the slices. There are no 
porphyritic crystals ; the groundmass contains neither microlith nor crystallite and 
presents no characteristic structure, 

The Tiloga specimens are all, I think, intensely altered volcanic tuffs. 
Nos. 17 and 18 might conceivably be highly altered vesicular lavas, in which case 
one would have to attribute the distinctly fine-grained granular surface to the 
effects of weathering on a very fine-grained vesicular mass, but this supposition 
is not a probable one. No. 19 may possibly be a highly altered felsite. ‘‘ Finely 
bedded ash, when highly altered, is undistinguishable in microscopic structure 
from an undoubted felstone-lava;”! but in this case the high specific gravity of 
No. 19 is opposed to the view that it is an altered felsite. On the whole, taking 
into consideration the granular weathered surface of No. 17, the distinctly lamin- 
ated structure of No. 21, and the general features of these specimens, I have with 
some doubt and hesitation come to the conclusion that Nos. 17 to 21 are highly 
altered volcanic tuffs. 

Considering the age of these rocks it is not surprising that ash of so fine a 
grain should have been so highly altered. 


The Bailawn-Hulh (Hul) outcrop. Altered volcanic ash. 


The samples (1 to 21) above described are from the outcrop of the trap to 
the north of the carbo-triassic series rnnning from near Dihur (Duire) in a north- 
westerly direction towards Badrawaér. The following specimens were taken from 
the outvrop which occurs to the south of the carbo-triassic series between Bailaum 
and Hulh. 

Nos. 22 and 23.—Greenish-grey compact rocks from Bholu, under the 
Bundhar Trigonometrical Survey station. The outcrop here is only about 100 
feet in thickness. The Sp. G. of No. 22 is 2°84 and of No. 23, 2°88, No. 22 is 
somewhat fissile, and minute specks of mica are visible in it here and there. On 
the cut surface it has a streaky appearance. One of the surfaces of No. 23, which 
is perfectly flat, is distinctly granular. 

M.—The groundmass of No. 22 is crypto-crystalline; no definite crystals 
of felspar are anywhere discernible, granules or fragments of what appears to be 
augite, are scattared about in it; the most prominent feature, however, is the pre- 
sence of what I take to be hornblende in minute thin prisms, fibres, and irregular 
masses intermingled with mica. The hornblende in transmitted light is of the palest 
brown-green colour, and is not at all dichroic. Extinction takes place at from 3 
to 20 degrees from the axis of the prisms. The prisms and fibres, generally, but 
not always, run in the same general direction, whilst the mica always does so. 
The slice contains several empty vesicular cavities. 

No. 23 is much the same sort of rock as the last; the hornblende, however, 
is absent, and a mica ranging from a pale brown-green to a reddish-greenish-brown 
takes its place. This mica is ubundant. 

Crystals of felspar, most of which are visibly triclinic, are very abundant in 
this slice; their external outlines are highly irregular, and never exhibit straight 
lines. 

1 J. Clifton Ward, Q. J. G.8., Vol. XXXI, p. 405. 
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The slice contains a few patches of hmmatite. There are some vesicular 
cavities, some of which are stopped with calcite; calcite also occurs in minute 
granules throughout the slice. 

Some of the felspars contain a few extremely minute cavities with movablo 
bubbles. 


Both specimens are, I think, intensely altered ashes. 


Hulh. Hornblende undesites. 


The following specimens were taken below the village of Huth, in the valley 
of that name, from the same horizon as Nos. 22 and 23, but some miles to the 
south-east of Bholu. 

No. 24.—A fine-grained pale greenish-grey rock, With a pocket lens it is 
seen to be sub-crystalline. Under the blowpipe it fuses to a very dark magnetic 
bead. Sp. G. 2°88. 

M.—This is quite a typical lava: it is composed of an intimate mixture of 
triclinic felspar, in prisms radiating in all directions, and hornblende. The 
latter isin prisms fringed at the ends with microlites of the same mincral. 
The hornblende is of the palest conceivable green tint and exhibits no dichroism ; 
here and there, however, the prismatic cleavage planes intersect at the angle 
characteristic of hornblende; extinction also agrees with that of this mineral. 

No augite can be identified, but epidote, colourless in transmitted light, and 
which does not exhibit dichroism, is rather abundant. A little secondary calcite 
is also present. No magnetite or ilmenite is to be seen, but the slice is dappled 
with a granular opaque substance, white in reflected light, which seems allied to 
leucoxene. 

A glassy base of very pale yellowish-green colour is visible here and there. 
The felspar contains nests of microlites which may possibly be apatite, but I 
think they are more probably colourless hornblende like those fringing the ends 
of the hornblende prisms. Their action on polarised light is swamped in that 
of the felspar. 

The rock is evidently one that has suffered a large amount of alteration. 

No. 25.—A greenish-grey compact rock much mottled with epidote and 
containing zeolitic amygdules here and there. Sp. G, 2°98. 

No. 26.—A bluish-grey compact rock with specks of white zeolite showing 
init. Sp. G. 2°89. 

No. 27.—-A bluish-grey compact rock. Sp. G. 2°91. 

M.—These are all highly altered rocks. The ground mass is felspathic, 
passing, in No. 26, here and there into quartz. It contains mottled masses and 
fine acicular prisms of hornblende. The hornblende is of green colour and is 
foebly dichroic in No, 25, but is colourless and non-dichroic in the other slices. 

Epidote is a prominent feature in No, 25, and it is more or less abundant in 
the other slices also. A mica of greenish-yellow colour in transmitted light is 
present in No. 26. Square and triangular sections of magnetite occur in No. 25. 

All these slices (Nos. 25 to 27) contain amygdules composed of zeolites, 
quartz, calcite, epidote, and mica. The zeolites are full of hquid cavities with 
movable bubbles. 


100 Records of the Geological Survey of India. [vot. XVIII 


Conclusion. 


Some of the specimens described in the preceding pages (Part II) very much 
resemble, in macroscopic appearance, typical specimens of the Dalhousie and 
Mandi altered basalts; but the result of the microscopic examination of the 
whole is to show that, in the region north of Dalhousie, the traps have changed 
considerably in type; they present more variety, too, than those south of 
Dalhousie. 

In the ridge north of Bhandal basalt porphyries become prominent and afford 
an additional link between the volcanic rocks of Chamba and those of Kashmir, 
where similar porphyritic traps are not uncommon,’ 

I have termed the porphyritic rocks above described basalt porphyry, because 
in specific gravity they range as high as 3°01, and their average is 2°89; and 
because the groundmass of most of them is basaltic in structure. In some 
specimens, however, the groundmass approximates in character to that of an 
andesite or trachyte; but the felspars belong to the triclinic system, and the 
rock, therefore, is clearly not allied to the trachytes, 

No olivine has been found in any of the specimens examined; but considering 
the age of these rocks and the extent to which they have undergone alteration, 
I do not, for the purposes of classification, attach much importance to this fact. 
Olivine is an unstable mineral and one of the first to succumb to aqueous or 
hydro-thermal agencies ; the rock contains secondary products that commonly 
result from the decomposition of olivine; whilst the high specific gravity of the 
rock indicates that it belongs to the basic class. 

Of the unporphyritic and compact traps described in the preceding pages, 
the microscope shows that Nos. 1 and 2 are altered basalts approximating to 
diabase. These specimens probably represent dykes of volcanic matter, injected, 
at some pressure, into rents in the accumulated lava, rather than surface flows. 
The rest of the specimens of compact trap examined exhibit a considerable 
change of type as compared with the volcanic rocks south of Dalhousie. Asa 
whole they are more felspathic in character, so much so that I have classed 
Nos. 6 to 9 as felsites. Hornblende makes its appearance, and in some speci- 
mens it forms, with triclinic felspar, the predominating mineral. I have classed 
these as andesites and hornblende andesites. Some of these rocks, as for instance 
No. 24, are quite typical lavas. 

Another interesting feature brought out by the examination of the specimens 
described in Part II of this paper is, that there seems reason to regard those from 
Tiloga, near the south-east termination of the northern outcrop, and those from 
Bholu, near the north-west commencement of the southern outcrop, as altered 
ashes. ; 

This would seem to favour the view that the outcrop to the north of the 
carbo-triassic series belongs to an eruption distinct from that which supplied the 
Java to the south of that series ; ashes taking the place of lava along the skirts of 
the pre-carbo-triassic volcanoes. 


1 Lydekker’s Kd4shmir, pp. 221 and 218. 
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If the Tiloga and Bholu beds are, as I take them to be, altered tuffs, this 
conclusion will help us to understand doubtfal rocks in other localities and 
confirm the inference already arrived at regarding some Kashmir traps.' This 
determination, moreover, supports the view advanced by Mr, Lydekker in his 
Memoir on Kashmir,? that the volcanic rocks of the North-Western Himalayas 
were derived from true volcanoes, and do not belong to the type of “ fissure 
eruptions.” 

The supposed absence of ash-beds, I apprehend, was one of the reasons which 
prevented some early observers from recognizing the volcanic character of the 
traps of the North-Western Himalayas and Kashmir; but considering the age 
‘of these beds, it is not surprising that fine-grained tuffs have been altered almost 
out of recognition. 

Another point in the microscopic examination of the specimens described in 
the preceding pages, which has interested me, is the connecting link which the 
hornblende andesites, and the altered tuffs, seem to supply between the palwozvic 
voleanic products and the hornblende rocks, and hornblende schists, of the Satlej 
valley. 

In the andesite lavas and tuffs described in these pages, we see the augitic 
element, so prominent in the lavas south of Dalhousie, and in those of Mandi, 
disappearing, and hornblende taking its place. Quartz, probably, in this case, a 
product of the decomposition of felspar, begins to appear; the tuff No. 21 has 
a finely laminated structure favourable to its conversion into a schist ; and I think 
we see in some of these hornblende andesites, and in the tuffs, the beginnings of 
metamorphic changes which were probably carried further in the Satlej area, the 
seat of extreme metamorphic action, and resulted in the conversion of similar 
volcanic products into the hornblende rocks and hornblende schists found there. 

T need say no more on this subject here, as the microscopic structure of some 
of the Satlej rocks will form the subject of a future paper. I need only 
add that I do not intend to imply, by the above remarks, that all the horn- 
blende bearing rocks of the Satlej valley are volcanic products. Some of the 
Satlej valley rocks are doubtless diorites and cannot therefore be supposed 
to have actually flowed out on the surface as lava, though they were probably 
connected with volcanic action. 


PART III. 


GENERAL OBSERVATIONS ON THE STRATIGRAPHY AND PETROLOGY OF THE 
DALHOUSIE AREA. 


Owing to my approaching departure from India, this will probably be the last 
paper on the geology of the Dalhousie region that I shall have an opportunity of 
writing for the Records; it may be well, therefore, to state how far the views 
expressed in my first communications have been modified by further experience 
and observation in the field, and by the detailed study of thin slices of rocks 
under the microscope. 


2 Memoirs, Geol Surv., Vol. XXII, pp. 218, 221, * Idid, p. 222. 
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In my first paper I gave expression to the opinion that the limestone-beds 
south of Dainkund were of carboniferous age, and that they formed a normal 
sequence from the altered basalts upwards. [ now think that these beds, as 
suggested by Mr. Lydekker in his interesting memoir on “ The Geology of the 
Kashmir and Chamba Territories,” have been thrown into a compressed fold. 

The hypothesis of a compressed synclinal flexure accounts better than the 
explanation previously adopted for the fact noted in my first paper, that notwith- 
standing the typical development of black infra-Krol rocks along the eastern border 
of the outcrop, some dark slaty rocks occur at one point on its western boundary. 

This hypothesis, moreover, has the advantage of bringing the stratigraphy of 
the limestone series south of Dainkund into harmony with that of the limestone 

outcrop north of that ridge. In both, the trap (see section B,) occurs along 
the western margin of the limestones, and is absent on the eastern border. In 
both cases the explanation now offered is the same ; namely, that a compressed fold 
in the rocks (the limestones being thrown into a syncline) resulted in a fault, the 
trap being cut off by the fault. 

It is to be noted that the dark carbonaceous infra-Krol rocks visible in the 
limestone outcrop south of Dainkund are absent from the outcrop north of the 
Ravi, but this may probably be owing to the latter having been laid down in 
deeper water further from the shore. 

I am unable to accept some other suggestions which Mr. Lydekker has made 
in his memoir. Mr. Lydekker never visited the Chamba area, and his suggestions 
were based principally on observations recorded in my papers published up to 
that date, and I think it will snffice to state briefly in the following pages the 
conclusions at which I have finally arrived. 

When I wrote my first paper on the geology of Dalhousie I had not studied 
thin slices of the Dainkund granite under the microscope,’ and I had to make 
the best I could of the facts known up to that date. I had no wish to strain or go 
beyond my facts. I had evidence of intrusion, on the one hand, and of distinct 
foliation, on the other, and it was necessary that any explanation I had to offer 
should harmonize these opposing facts. ‘‘ The explanation that satisfies my 

mind most,” I wrote (Records, XV, p. 47), ‘‘is that the intense metamorphism 
of the ‘central gneiss’ has been principally produced by granitic intrusion at a 
great depth below the surface; and that the perfectly granitic portion is the 
intrusive granite itself.” After discussing instances of volcanoes bursting through 
gneissic beds, I added that I could “‘ see no reason why what took place near the 
surface at Auvergne may not have taken place in other localities at a greater 
depth below the surface ;’”’ and added further on, “ I can therefore readily imagine 
that under the conditions described a blending together of the granite and the 
gneiss would result, and that the latter would, for some distance from its contact 
with the granite, partake of its mineral character.” 

This view has been accepted and adopted by Mr. Lydekker in his memoir. 
Now however that the microscope has thrown so much new light on the subject, 


1 Owing to the pressure of official work I should have been obliged to postpone my first paper 
for a very long time had I waited to complete a microscopic study of all the Dalhousie rocks before 
writing it. . 
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Tam unable to confine myself to a view, which, though it went as far as my facts 
would carry me in 1881, seems, in view of the new facts brought to light, to only 
express half the truth. 

The microscope has shown that not only the gneissose granite of the Dhuls- 
dhar, but the foliated beds in the Révi valley and the outer band at Dalhousie, 
give evidence of having been, at one stage in their history, reduced to a plastic 
condition by aquco-igneous fusion, and exhibit fluxion structure, namely, evidence 
of motion. Moreover, the numerous specimens taken from various distant points 
in the localities indicated above, however much they may differ from each other 
in macroscopic aspect, present under the microscope absolutely no difference in 
composition or structure, 

There is thus a cogent argument for concluding that if portions of tho crys. 
talline rocks of the Dalhousie area are of eruptive origin, the whole of them 
are granites. 

It would indeed be strange if metamorphic schists and gneiss of archean 
age so exactly resembled comparitively modern eruptive granite that the micros- 
cope could detect no difference whatever between them either in composition or 
internal structure. This would be all the more remarkable, as the Dalhousie 
rocks do not, by any means, belong to a common type of rock, but, on the con- 
trary, have special peculiarities of their own. When we see these special pecu- 
liarities permeate all the granitoid rocks in the same locality, the most natural 
inference to form regarding them is that they have had a common origin. 

The Dainkund gneissose granite has been shown to have exercised a metamor- 
phosing action on the rocks in contact with it ; veins of it intrude into the slates 
ard silicious rocks on both margins;’ the gneissose granite contains veins 
similar to those caused by shrinkage on cooling in granites of admittedly erup- 
tive origin; whilst it also contains inclusions of slates and schists imbedded in 
it, which are without reasonable doubt true slates and schists, and not the pro- 
ducts of segregation; and these inclusions are met with not only along the line 
of contact with the sedimentary beds, but at least half a mile away from them. 

A granitic mass that presents the above features must, I think, be considered 
an eruptive rock. The mere fact, taken alone, that portions of this mass display 
a tendency, more or less pronounced, to assume a parallelism in the arrangement 
of its crystals, is not, in itself, sufficient to support the theory that the foliated 
portions are of metamorphic origin, or to support the further assumpiion that 
has been made, that these portions are of pre-cambrian age. 

The presence of parallelism of structure in some trachytes was demonstrated 
long ago by Naumann and Scrope, whilst the existence of gneissose granite, and 
the eruptive character of such foliated rocks as leptynite (granulite), 1s DOW 
admitted by many leading geologists, and ie Naa or gneissose granite has 
become a recognized geological term. 

‘“‘It was formerly considered,” writes Bernhard von Cotta,® ‘ that all gneiss 
was of metamorphic origin, but it has of late years been established beyond a 


1 I have observed, but not heretofore noted, one on the Chamba side of the Chuéri Pass. 
2 Enylish Edition by Lawrence; new Euition, p. 225. 
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doubt that many kinds of gneiss are irraptive, and some geologists have gone so 
far as to regard all gneiss as of igneous origin.” 

If trachyte, a rock that has flowed out on the surface of the earth’s crust, has 
in some instances been known to assume a ‘‘striped” and foliated appearance, 
how much more may we not expect to find a parallelism of structure in acid rocks 
forced through the walls of a fault in a viscid and partially cooled state under 
conditions of great pressure and strain ? 

Naumann! refers, among other instances, to a trachytic lava observed by Hoff- 
mann in a crater in the Island of Pantellaria, ‘which throughout has a foliated 
texture resembling gneiss, and occurs in beds that dip regularly outwards from 
the centre of the island ; and he refers to the observations of Darwin to the effect 
that “a volcanic rock” in the Island of Ascension has “a perfect gneiss-like 
texture and structure, the alternate layers of the component parts being extremely 
fine, and extending parallel to the direction of the lava stream.” 

Another observation of Darwin alluded to by Naumann in his paper is so 
apposite to the case of the Dalhousie crystallines that it is worth quoting. 
“ Darwin informs us,” writes Naumann, “ that in the Cordillera of Chili, great 
beds of red granite occur, which must be viewed as an eruptive rock; but that 
it nevertheless exhibits, in parts, a decidedly parallel structure.” 

If the existence of a gneissose granite in the Dalhousie, Satlej and Chor areas 
be admitted—and my microscopical investigations have led me to this conclusion 
in respect of the crystalline granitoid rocks of those areas—I see no reason why 
very similar rocks in other parts of the North-Western Himalayas heretofore called 
‘‘ central gneiss,” and ‘‘ granitoid gneiss ” should not be written down as gneissose 
granite also, unless, and until, their original sedimentary origin and archean age 
be proved. 

For instance, the description by Mr. Wynne of the Hazara gneiss (quoted by 
Mr. Lydekker at p. 103 of his memoir); its completely crystalline porphyritic 
and granitoid character ; its behaviour in relation to the schists that border it; 
its intrusion ‘‘in dykes and veins ” into those schists along the margin of contact, 
so exactly resembles the Dainkund and Chor rocks that Mr. Wynne’s description 
of the Hazdéra gneiss might be read asa graphic and perfeet description of the 
Dainkund and Chor gneissose granite. 

The conclusion that much, if not all, of what has been called “ central gneiss’’ 
and “granitoid gneiss” is really an eruptive rock, removes many difficulties from 
the way of the Himalayan geologist. ‘ Despite the wonders performed by flexure 
of strata in mountain regions,” wrote Mr. Medlicott in his annual report for 
1883,2 “the structural features presented by this rock in certain cases were im- 
possible of satisfactory explanation on the supposition of its being really stratified 
gneiss, The Chor mountain in the Simla region and the end of the Dhuladhar 
ridge at Dalhousie are instances.” 

Other examples of difficulties capable of removal may be culled from Mr. 
Lydekker’s memoir on Kashmir. Lenticular or ellipsoidal masses of gneiss are 


? On the probable eruptive origin of several kinds of gneiss and gueiss-granite. Q. J. G. 5., 
Vol. IV, 1848. 
* Records, XV-II, p. 3. 
Pi 
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described as occurring in the midst of the silurian slates (pp. 231, 250); the 
passage from the slates to tho gneiss appears tu be generally gradual and imper- 
ceptible (pp. 255, 258, and 260) ; but at p. 250 we are told that “the lower part 
of the system” ( viz., the Panjal, which Mr. Lydekker at p. 4¢ correlates with 
the silurian and cambrian (?) systems) “ next the underlying gneiss, may appa- 
rently consist either of mica schists, or of little altered slates, which would seem 
to be difficult to distinguish from the higher Simla slates. Finally it appenrs 
that there is gencrally a gradual passage from the lower beds of the system into 
foliated, and then into granitvid gneiss, but that there are instances where 
the junction is somewhat sudden.” Or, in other words, there is ocensionally 
a sudden passage from comparatively unaltered slates, undistinguishable from 
beds supposed to be of middle silurian age, to a periectly crystalline granituid 
rock. 

Sometimes the gneiss appears to come in above the upper silurian or lower 
carboniferous traps (p. 230); and at other times next the upper silurian conglo- 
merates (p. 290). Some of the gneiss is considered to Le of pre-cambrian age 
(pp. 235, 265); some to be metamorphosed beds of middle silurian age (p. 201) ; 
and some to be the altered equivalents of rocks higher than the Puanjals (p. 265), 
namely, of more recent age than the silurian system. 

Mr. Lydekker does not indicate any mode of distinguishing between the 
eruptive granites and the granitoid metamorphic rocks on the one hand, or 
between the pre-cambrian, silurian and younger gneisses on the other. 

Some of our leading geologists, who have given special attcution to archman 
rocks, would, I think, be indisposed to believe in the existence of thoroughly 
crystalline granitoid metamorphic rocks of such diverse ages as those stated 
above, in the same mountain region ; and they would probably suggest the intro- 
duction of a number of faults to account for the erratic appearance of a thoroughly 
crystalline granitoid gneiss sometimes at the bottom, sometimes in the middlo, 
sometimes at the top of the silurian series, and sometimes in younger beds; and 
to account for the juxtaposition of comparatively unaltered slates and crystalline 
rocks in the last stage of extreme metamorphism. 

I do not understand that Mr. Lydekker has resorted to an elaborate system 
of faulting to explain the facts noted above, but on the contrary that he believes 
his metamorphic gneisses to belong to ‘“ more than one gelogical period ” (p. 265). 

For my own part, as I hold that there is sufficient evidence to justify the belief 
that the crystalline granitoid rocks of Dalhousie, of the Satlej valley, and of the 
Chor mountain, are eruptive granites, I would account for the cases noted above, 
and similar ones, by applying to them the explanation which has solved cven 
greater difficulties in the Dalhousie and Chor areas. 

If eruptions of gneissose granite on so grand a scale occurred along the 
Dhuladhar, the Chor, and in the Satlej valley region, it is only natural to expect 
that similar eruptions occurred in other parts of the North-Western Himalayas ; 
and this expectation becomes almost a certainty when we find a crystalline 
granitoid rock undistinguishable from the gneissose granite of Dalhousie, and of 
the Chor, presenting itself in different horizons amongst the silurian and younger 
rocks. If the gneissose granite 1s really an eruptive rock, this is just what we 
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should expect to find ; indeed, if it never cropped out except along the same hori- 
zon, there might be some ground for regarding it as a metamorphic rock. But 
when we find a crystalline granitoid rock preserving its identity of character over 
very extensive areas, and yet cropping out along widely different horizons in rocks 
“fof more than one geological period,” it seems to me that the grounds for 
claiming it as a metamorphic rock are slender indeed. 

On the assumption that it is an eruptive rock the difficulti s I have indicated 
above disappear. We no longer wonder with Mr. Lydekker why no case of the 
overlap of the ‘“‘central gneiss” by the silurian series has ever been discovered 
(p. 302) ; and we at once understand why granitoid rocks are found along widely 
different horizons, and why, in some cases, there is an apparent transition from 
the sedimentary series to the crystalline rock, and why, at others, there is an 
abrupt passage from the latter to comparatively unaltered slates. Where the 
gneissose granite was erupted among lower silurian or cambrian (?) beds that 
had already been subjected to more or less regional metamorphism, and on which 
it would produce some contact metamorphism, an appearance of gradual transi- 
tion would naturally be the result ; where, on the other hand, the partially cooled 
gneissose granite was erupted along a fault and in contact with unaltered slates, 
the contact action would not be sufficiently intense, or extend far enough, to create 
an appearance of gradual transition, and the result would be, as at Dalhousie, a 
sudden passage from slates to gneissose granite. 

I now pass on to offer some remarks in explanation of the diagrammatic 
sections attached to this paper (Plate). 

Section I has been taken (see map attached to this paper) through Dainkund 
and Tisa to the Sach pass. 

The tertiary series does not come within the scope of this paper, and the 
stratigraphy of the trap and the carbo-triassic series has already been discussed 
in the preceding pages. I pass on to the silurian series. Along the section under 
consideration, the silurian beds, on both sides of Dainkund, are in normal se- 
quence. On the north-east of Dainkund we have the upper silurian conglomerates 
followed by typical Simla slates which pass into fine-grained silicious schistose 
beds. On the south-west of Dainkund, we have slates followed by fine-grained 
silicious schistose beds passing into mica schists. The silurian beds were thrown 
by lateral pressure into folds, as indicated by the dotted lines, and squeezed to- 
gether until a fault was produced at Dainkund, and another further to the south- 
west, and a uniform dip in one direction was given to the beds. The gneissose 
granite rose along the line of fracture at Dainkund, and the “ outer band” also 
forced its way through the more westerly fault between the carbo-triassic and the 
lower silurian beds. The upper silurian conglomerates, which to the north-east 
of Dainkund were thrown into a compressed isocline, were to the south-west of 
Dainkund squeezed out in the flexures in which the silurian beds were involved. 
To the north-east of the river Ravi, the upper silurian conglomerate has been 
thrown into compressed isoclines, the carbo-triassic limestones being caught up 
in a synclinal fold between the two isoclinal outcrops of the conglomerate. A 
synclinal flexure brings out the silurian beds after the conglomerates. The 
Simla slates have disappeared in this section, their place next the conglomerates 
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below Tikri' being taken by micaceous schistose rocks that crumble to a whitish 
soapy powder, indicative doubtless of the presence of a hydro-mica. The slatos 
here may either have been more highly metamorphosed than those at Dalhousie, 
or they may have been squeezed out by local flexure and faulting. 

Continuing from Tikri along section A in a north-easterly direction the soapy 
schistose rocks are followed ? by fine-grained quartz schists, mica schists, and slaty 
mica schists occasionally passing locally into micaceous slates, and these rocks 
continue to near the top of the Sach pass. 

A south-westerly dip is set up in the outcrop of the conglomeraies on, the 
northern side of the limestones, and it becomes pronounced at the stream under 
Tikri; beyond this the dip rapidly flattens and becomes wavy until the top of the 
Sach pass is neared, when a high south-east dip is resumed, This rapidly 
becomes perpendicular, and ultimately, on the north-east side of the pass, the 
conglomerates dip under older silurian beds. 

Section II, through Dainkund, Hulh, and Chanju, differs in some important 
particulars from section A. As described in Part I of this paper, # band of trap 
crops out along the sonth-western border of the carbo-triassic limestones, and 
the latter are followed by silurian beds. In both these respects, if we leave the 
outer band of gneissose granite out of consideration, the section north-east of tha 
Ravi agrees with that south-west of Dainkund, and another fault must be brought 
in to explain the contiguity of the carbo-triassic limestones with silurian beds 
somewhat low in the series, and the disappearance of the trap and conglomerates. 
A glance at section B will, I think, show that the relations of the several serics to 
each other are not to be explained without putting a fault on the north-east 
border of the limestones. From the limestones down to the gneissose granite the 
several series are in normal sequence ; the carbo-triassics are followed by iufra- 
carboniferous trap; then comes the upper silurian conglomerate which; in its 
turn, is succeeded by Simla-slates and then silurian beds lower in the series. 
A synclinal fold would bring up the trap and the conglomerates again to the 
north-east of the limestones, as in section A, but the flexure having resulted 
in a fault, the trap and the conglomerates have disappeared. 

This section is, I think, an instructive one, and will help to remove difficulties 
in other localities. 

In the Pir Panjél range the conglomerates occur in the middle of the slates 
(Memoir, p 241), and Mr. Lydekker, in view of this fact, thought that ‘it cannot 
be taken as certain that all the conglomerates of the Kashmir valley correspond 
to the Blaini conglomerate.” And again at p. 249 the author writes, “ they 
scem further to indicate that the Blaini conglomerate of the Simla district may 
either be strongly developed at the top of the series, or that it may occur less 
strongly developed among the slates themselves.” And again at p. 248, “It is 
noteworthy that these rocks” {the supra-Kuling series] “are not immediately 
underlain by the Blaini conglomerate, showing the inconstancy of the petrological 
characters of that member in these districts.” 

This apparent inconstancy, however, is, 1 apprehend, to be put down to the 
countless plications in which the Himalayan rocks have been involved ; a glance 


? Records, XVI, 39. * Records, XIV, 307. 
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at the map attached to this paper will show that the conglomerate, which south 
of Himgiri (Himgir) is in contact with the carbo-triassic (supra-Kuling) series, 
is gradually removed to a distance of over 6 miles from it in the Chanju section 
by the interpo-ition of silurian beds lower in the series. 

The dip of the carbo-triassic limestones in the Hulh section (section TD) is 
north-easi-by north. The dip of the silurians which succeed them is vertical, but 
somewhat curved when the dip can be traced for any distance down the mountain 
side, A north-east dip afterwards sets in which becomes south-west along the 
crest of the ridge. It wavers from north-east to south-west more than once, and at 
one place is high to south, but under Chanju it settles down to south-south-west, 

A section drawn through Dihur (Duire) and Himgiri (see map) would differ 
somewhat from those already described, for the trap here crops out on the north- 
eastern border of the carbo-triassic series instead of as in the section through 
Hulh, on the soutli-western border. 

A study of the Hulh and Dihur trap (see Part IT of this paper) has led me to 
the conclusion that the dying out of the trap between Dihur and Bailaum (sec- 
tion A through Dainkund and Tisa) is owing to the original limitation in the area 
of deposition. 

On a first inspection of the Bhandal-Dihur area I suggested (Records, XVI, 
41) that the fact that “the trap does not occur between the carbo-triassic series 
and the upper-silurian conglomerate, on both sides of the limestone outcrop, may 
I think be explained by the hypothesis of a fault between the limestones and the 
southern outcrop of the conglomerate :’”’ and I expressed the opinion “that we 
have in this section a erushed synclinal fold, with a fault along its axis, the 
compression of the folded strata having been great enough to produce a general 
conformity of dip.” 

T think, row that I have reviewed the stratigraphy of neighbouring sections, 
that there is no need to call in the aid of a fault to solve the problem presented to 
us, and that it may be satisfactorily explained without one. Section V (Plate) 
represents a section drawn through Dihur in the direction of Himgiri, and IV 
and III sections drawn parallel to V a little more to the north-west. The folding 
of the strata in sections III, IV, and V is the same as thatin section I. The 
explanation in all is that offered in my paper quoted above ; namely, that the local 
strata have been thrown into a “ crushed synclinal fold.” On both sides of the 
limestones the conglomerates have been bent into isoclines, and the limestones are 
caught up between them and bent into a crushed syncline. ; 

In I the trap is absent, this section being beyond the area of deposition. 
From the predominance of limestones, and the absence of the carbonaceous ele- 
ment here, it seems not improbable that the sea was comparatively deep in this 
locality at the end of the silurian period when the volcanoes were in an active 
state. 

Section V represents the tail end of the volcanic deposition. The volcanic beds 
are thick on the north-east side of the limestone outcrop, and they thin out to the 
south-west. 

In section IV we are further within the area of volcanic eruption, but we are 
getting nearer the bottom of the synclinal fold that is concerned with the upper- 
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silurian conglomerates, and consequently the limestone outcrop (a crushed syn- 
cline) is getting comparatively shallow. 

At TII we have arrived at a further stage; the limestenes have been squeezed 
out of the section: the trap is doubled up upon itself, and is in contact with the 
conglomerate on both sides. 

In sections I and 1] I have represented the silurian beds between the outcrop 
of the carbo-triassie beds north of the Ravi and Dainkund as forming a normal 
sequence, whereas in Part I of this paper I have suggested that in the Siul river 
section ! ‘the Simla slates are folded up with older silurian beds in compressed 
isoclinal flexures.” I may as well point out in passing that there is no confu- 
sion or contradiction in these statements. A comparison of the diagrammatical 
section I with section II will show that even along the same line of strike local 
details change rapidly within the distances of a few miles. Along section IT the 
silurians in the valley of the Ravi appear to have escaped complicated flexions, 
whereas in the valley of the Siul, in the same strike, they appear to me to give 
evidence of having been involved in them. 

Indeed the area near the junction of the Siul and the Ravi appears to have 
been a region of special strain. Lower-silurian beds (decided mica schists) extend 
from the stream between Tipri and Sern (Suairn) to the outer band of gneissose 
granite ; whilst in the Bhale (Balai) section (see ante, Part 1) the slates between 
the inner and outer bands of gneissose granite are very micaceous and at Bhale 
are decided mica schists. In section 1 through Dainkund the upper-silurian 
conglomerates have disappeared ; whilst in the valley of the Ravi, opposite the 
mouth of Siul, the middle-silurians (Simla slates) are missing as well as the con- 
glomerates. I think the explanation is the same in both cases; namely, that the 
upper-silurians, in the section through Dainkund, and the upper and middle silu- 
rians, in the Siul-Ravi section, have been squeezed out in the flexions in which 
the strata have been invoived. It is to be noted that in the Siul-Ravi section, 
where both the upper and middle silurians are missing, the Dainkund gneissose 
granite has reached its minimum development, being reduced to a narrow band 
of gneissose aspect, a fact which does not favour the hypothesis of the “ absorp- 
tion” of the missing beds by the rising granite, or of their having been meta- 
morphised out of recognition by contact action. 

I note in passing that though I have, for the sake of simplicity, in the dia- 
grammatical sections I and II, represented the upper-silurians as unbroken beds 
of conglomerate, 1 by no means overlook the possibility that they may contain 
slates of a slightly higher or lower horizon. The plications in which all these 
rocks have been involved have been very great, whilst fossil evidence is nil. The 
conglomeritic series is not uniformly conglomeritic, and therefore the probability 
of other beds, slightly higher or lower than the conglomerates, having been folded 
up with them, is very great. Further observations on this subject will be found 
in part I of this paper. 

I desire to point out, in conclusion, that the mference must not be drawn from 
any remark made in the preceding pages, that I deny the existence of true meta- 
morphic gneiss in the North-Western Himalayas. In a recent paper I have 


? The Siul runs under Bhale (Balai) and Manjere. 
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distinctly indicated my belief that some of the crystalline rocks in the North- 
Western Himalayas are metamorphic gneisses,’ and the fact will be definitely 
asserted in a paper on the section from Simla to Wangtu that will appear in a 
fature number of the Records ; but I think it would be a grave error of judgment 
were we to allow the presence of metamorphic rocks of this character in tho 
Himalayan area, to blind our eyes to what appear to me to be the leading facts in 
the past history of he Himalayas; namely, that volcanic eruptions on a large scale 
in upper-silurian and lower carboniferous times were followed by a gradual sub- 
sidence of the Himalayan area which lasted through several geological ages. A 
period of elevation which has not yet terminated, then set in, during which the 
strata, that had accumulated during the period of subsidence, were crumpled and 
compressed to an enormous extent; the period of elevation being marked by a re- 
kindling of the volcanic fires, the gneissose granite of the North-Western Hima- 
layas misnamed ‘central gneiss” constituting the deep-seated portions of com- 
paratively modern eruptive rocks. In short, the past geological history of the 
Himalayas is inseparably connected with volcanic activity. 


Memorandum on the probability of obtaining water by means of Artesian Wells 
in the plains of Upper India, by R. D. OtpHam, A.R.S.M., Geological Survey 
of India. 


In the broad plains of Upper India the need of an abundant supply of pure 
water must always be felt, and it is consequently not surprising that in the search 
for it borings have been sunk to greater depths and prosecuted with greater 
ardour than any that have been sunk in the search for coal. Of the many papers 
and reports bearing on this question, I do not propose to discuss more than the 
one published by Mr. Medlicott,3 where the possibility of making a successful 
artesian well is discussed on the not unnatural assumption that there is a conti- 
nuous zone of gravel and sand deposits, comparable to those of the bhdbar, 
separating the clay deposits of the alluvium from the rock below. 

2. In the case of alluvial deposits, such as those of the rivers of the Indian 
peninsula, which have been formed as the land gradually sunk, a zone of coarse 
deposit will be found lying immediately upon the rock; but with the Gangetic 
alluvium the conditions are different, inasmuch as we have ample reasons for 
believing that the Himalayas were raised pari passu with the depression of the 
plains; and in this memorandum I propose to enquire how this would affect 
the assumption made by Mr. Medlicott in his memorandum already referred to. 

3. Many different theories of mountain formation have been propounded at 
various times and by various authors, the latest of which is that of the Rev. O. 
Fisher, which demands that flanking every mountain range subject to denudation 
there should be a corresponding depression in which deposition is taking place, 
that the depression should extend by encroaching on the land separated by it 


1 Records, XVII, pp. GO and 70. 
* With this paper should be read the one following. 
® Records, XIV, p. 205. 
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from the mountain range, and that at the same time the deposits formed on the 
skirts of the mountain range should be gradually elevated and exposed tw 
denudation. To take the case of the Himalayas, the mountain range would at 
first be small, and the corresponding depression alao small; but, as the elevation 
of the Himalayas proceeded and the Gangetic depression increased in depth and 
width, the deposits formed along the foot of the hills would be disturbed, 
elevated, exposed to denudation, and form an integral portion of the Himalayan 
range ; this encroachment of the hills on the plains would, however, be more than 
balanced by the encroachment of those on the land to the south, so that as the 
Himalayas increased in height, the Gangetic plains increased in width and the 
alluvium of which they are composed in thickness. Mr. Fisher has not followed 
up his theory beyond the growing stage of a mountain range; but, however inter- 
esting it might be to be able to prophecy the decay and extinction of the Hima- 
layas and the plains of Hindustan alike, it would have no practical bearing on 
the question I am now considering, and I shall confine myself to enquiring whether 
the known facts fit in with Mr. Fisher’s theory as far as he has carried it and, 
secondly, how, if true, it will affect Mr. Medlicott’s fundamental assumption. 

4. In the first place, are there any indications that the alluvial deposits extend- 
ed further north than they now doP Most certainly there are; for there can be 
no reasonable doubt that the Siwalik beds were the bhdbur deposits of their day, 
and that the ground they now occupy must have formed the northern margin of 
the Gangetic plain. But this does not sum up the whole of the matter ; in every 
section of the Siwalik that has been examined we find at the base beds in which 
clays preponderate, and above these comes a great thickness of sandstone which 
passes upwards into conglomerate. 

5. At the present day there are everywhere along the foot of the hills great 
banks of shingle formed by the streams whose velocity is checked as they issue 
from the hills, below the shingle come great stretches of sand, and beyond these 
again is the clay of the alluvial deposits proper. But as the shingle banks are 
added to, they must encroach on the sand, and this again on the clay deposits, and 
in course of time a section precisely similar to that to be seen in the Siwaliks will 
be produced, from which we may conclude that then as now the coarser deposits 
were being pushed forward from the north over the finer. 

6. Nor does the strip of hilly country occupied by the Siwalik beds represent 
the whole of the southward encroachment of the Himalayas, for, close up against the 
older rocks of the Himalayas, we find sandstones and clays, which could not have 
been formed in that position, but must originally have been separated from the 
hills by a strip of country on which the streams deposited their coarser debris. 
From these facts we see that even the boundary of the Himalayan slates does not 
mark the original southern limit of the Himalayas, but that it must be placed 
somewhere, though not necessarily very far, to the north. To judge by analogy, 
it must have been on the average at least twelve miles further north in Néhan, 
and six in Middle Siwalik times, than the present main boundary of the slates 
and the Siwalik. 

7. In the light of these facts, the assumptions that there is a continuous zone 
of ¢oarse deposits, continuous with the existing bhdbar, next to the rock floor of 
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the Gangetic depression, and that the deposits will become coarser on the whole 
as we sink into the alluvium at any point are not justified. At first, doubtless, 
coarser deposits were overlaid by finer ones, and in the southern margin, where the 
land has sunk and the alluvium spread over it, this still takes place, but at the 
northern margin,—and it is with this alone that we are concerned,—the coarse 
deposits have for long past been pushed forward over the top of the finer, and all 
direct connection with the coarse-grained bottom bed cut off by the elevation of 
the strata we now call Siwalik. 

8. The only means we have of testing these suppositions are the Ambala and 
Calcutta borings. According to the hypothesis I have put forward, the beds 
should become finer on the whole, as a greater depth was reached in the tirst case 
but coarser in the second. With regard to the Calcutta boring,’ an inspection of 
the record will show how markedly this is the case; in the Ambala boring the 
finding pebbles low down might be held to disprove the hypothesis ; but, as far as 
I can make out, they were merely occasional small pebbles never forming shingle 
properly so called ; and the table (given below *) of the thickness of sand and clay 
passed through in each hundred feet shows clearly that the deposits did on the 
whole increase in fineness with the depth reached ; for, while in the first 400 feet 
sand was in excess of clay, during the next 300 the thickness of clay was greater 
than that of sand, and the proportion of clay throughout the section increased 
steadily till in the last 100 feet there was but 7 feet of sand in all. 

9. Since, then, the sections met with in these borings are so strikingly in accord 
with what, according to hypothesis, they should be as almost to amount to proof, 
it is extremely probable that, as indicated in § 7, there is no zone of coarse per- 
meable deposits continuous with those of the bhdabar, and that in consequence 
there is but little prospect of obtaining water, except in small quantities, by means 
of artesian wells in the plains of Upper India, 


Further considerations upon Artesian sources in the plains of Upper India, by 
H. B. Mepuicort, M.A., Geological Survey of India. 


In the foregoing paper Mr. Oldham makes use of the artesian question as a 
peg whereon to exhibit a very neat combination of theory and observation to 
elucidate the formation and resulting structure of the Sub-Himalayan deposits, in- 
cluding those of the great alluvial plains, in their relation to the growth of the 
mountains themselves. [am glad to have afforded the opportunity for so 1n- 
teresting and instructive a discussion, and glad also for the occasion it gives me 
in return of adding some further considerations upon the same subject; it 1s 
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however very needful to point ont that criticism, both in its positive and its 
personal aspects, is quite too serious a responsibility to be treated as a lay-tieure 
It is easy to show that the dummy set up, to be so expertly knocked down again, 
never occupied the position assigned to it in the place whence it was taken. Tho 
condition in question—a continuous zone of gravel and sand deposits comparable 
to those of the bhdbar separating the clay deposits of the alluvium from the 
rock below—may in Mr. Oldham’s opinion be necessary to the success of arte- 
sian borings, and he is of course entitled to maintain it, but he was not warranted 
in representing it as ‘ the fundamental assumption” of the paper he referred to. 
That condition is indeed there quoted as theorctically most favourable, especially 
as affording assignable limits of depth, but by illustration and example it 1s 
abundantly shown that success does not depend upon the supposition of which 
that condition would be the result. 

2. The study of Mr. Fisher’s admirable work! had the same effect upon me 
as upon Mr. Oldham, up to a certain point, to upset a supposition of primary sim- 
plicity regarding the underground conditions of the great plains; but as I had 
never held or represented that supposition to be essential to the existence of arte- 
sian sources, there was no occasion to proclaim a correction that might discourage 
a project which I hold to be quite independent of that particular arrangement. 
1 did not however fail to represent the whole case on the first opportunity, and 
to indicate its bearings on the question of artesian sources, in a geological paper 
written two years ago for the Gazetteer of the Punjab, but which has not yet ap- 
peared, The following paragraphs (3 to 11) aro reprinted verbatim from provfs 
that were set up in 1883. 

3. “We have still to notice the depth or thickness of these deposits, as a point 
of practical as well as of specnlative interest. The surface deposits belong every - 
where, as we have seen, to the human period. In a cutting near the head of tho 
eastern Jumna canal, Colonel Cautley dug out a fossil town.* Everything below 
is concealed. It would seem that near the ‘ outer’ margin, 7.e., on the Himalayan 
side, of the plains a very close limit to the age of any beds conformably under- 
lying the recent alluvium should be assignable; for the topmost beds of the 
Siwalik series, of latest pliocene age, if not pleistocene, are tilted up vertically ; 
yet they are indistinguishable in composition and texture from the actual river de- 
posits. Disturbance of such magnitude must, one wonld think, have extended to 
some distance south of these outcrops, and thus have involved total unconformity 
of the Siwaliks with any beds that are still undisturbed, within a considerable 
distance. If this were so, it would follow that any beds coufurmably underlying 
the surface deposits in the neighbourhood of the Himalayan margin must be long 
post-Siwalik. But, as will presently be shown, the disturbance to which the up- 
heaval of the Siwaliks is due probably extended to only a small distance from that 
margin. 

4. ‘Far from the mountains, anywhere within the protecting influence of tho 
underlying hard rocks of the peninsula, it is evident from what has been said 
that the plains deposits might be in unbroken sequence with the whole tertiary 


! Physics of the earth’s crust, by the Rev. Osmond Fisher, London, 1881 
? Journal, Asintic Society, Bengal, 113, p. 43, 183-4. 
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system ; and on this ‘inner’ border of the plains even at the small depth to which 
observation has access, beds having some small comparative antiquity occur in 
close relation with the surface deposits. In the lower reaches of the Jumna, 
between Agra and Allahabad, where the river has eroded its channel to a depth 
of 100 feet below the level of the adjoining plains, bones of extinct forms having 
some affinities with those procured from the upper Siwalik strata have been found 
in perfectly undisturbed clays. 

5. “ Any surmise upon the underground features of the plains deposits can 
only be derived from the view formed of antecedent conditions as indicated by the 
features of adjoining areas. On the peninsular side there is good evidence to 
show that, so far back as in immediately pretertiary time, the drainage flowed 
from the south towards what is now the Gangetic basin: the whole northern 
scarp of the Vindhyan plateau existed at that time in approximately its present 
position. The Deccan trap poured over that scarp on to the gneissic area of 
lower Bundelkhand. How far it may have flowed over the low ground in that 
direction it would be impossible to say; on the plateau it does not seem to have 
reached so far north as Gwalior. The total absence of any remnant of tertiary 
rocks on this border of the peninsula suggests that it was then out of the reach 
of deposition, rather than that all such deposits have been since removed ; but it 
would seem pretty certain that this drainage basin was part of that in which the 
eocene rocks of the Himalayan border were laid down. Only the lower stage 
of that series is marine; and the muddy character of these beds, contrasting 
with the clear limestones of the same age in the western Punjab, suggests 
estuarine conditions requiring a southern bank far to the north of the present 
south boundary of the plains, and of course also a limiting land in the actual 
Himalayan area, Already in nummulitic time these marine bottom-beds 
became mixed with and soon permanently replaced by others of distinctively 
Sub-Himalayan characters, consisting of fluviatile deposits with terrestrial 
and fresh water fossils; and these conditions have lasted throughout the Si- 
walik epoch to the present day, for, as has been said, the top Siwalik strata 
seen at many places in the Panjab are absolutely indistinguishable from those 
of the plains. These middle and upper tertiary fluviatile deposits were inde- 
pendent of the sea level, and would bave spread over the whole basin ac- 
cording to its contour, and equally to the south in the valleys of the northern 
slopes of the peninsular area now concealed beneath the plains. From the fore- 
going observations it would appear that the Sub-Himalayan eocene marine basin 
was probably a narrow one; but that the supervening upper tertiary fluviatile 
deposits may have stretched southwards to an indefinite distance. 

6. “To the foregoing consideration of the original conditions of the basin, there 
must be added what can be said regarding the Himalayan disturbance as affect- 
ing the floor, and therefore the whole condition, of the plains deposits. The ex- 
treme unconformity already mentioned as occurring between the horizontal plains 
deposits and the vertical Siwaliks along the Himalayan border, does undoubtedly 
establish an immense lapse of time (as reckoned in historical periods) between the 
two. But the inference as to how far this condition of unconformity extends 
beneath the plains to the south of the actual boundary depends upon the view 
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taken of the process of disturbance. It is difficult to resist the primd sacee im- 
pression, from the sight of an immense thickness of stratified rock turned up ou 
end that great violence must have attended such resalts, aud hence that the 
effects must have extended to far beyond the point where such intensity is ox- 
hibited. It was upon such natural impressions that the cataclysmal theories of 
the early geologists were founded. In the present case, the plausible supposition 
from such a point of view would be, that an clevation of the Himalayan area, com. 
cident with the contortion of the Siwalik strata, had first resulted ina great valley 
of erosion from the mountains to the sea, forming aclean-swept basin for the de- 
posits which now form the plains. 

7. “To give meaning to this seemingly useless discussion it may be well to 
point out that it forms tho only rational approach to the practical question often 
asked—where in the plains and at what depth would there bea prospect of success 
for an artesian boring ? If the supposition just noticed might be counted upon, a 
very favourable answer could be given to this question The base of the deposit 
would then be everywhere within reach; that base would generally consist of 
coarser materials, such as would form a capacious water-stratum ; and it would be 
in continuous connection with the present upper zone of gravel beds at the foot of 
the hills, where copious absorption of water occurs. 

8. “ Careful observation and reflection are, however, against that primd facie 
supposition. It will be shown that before the disturbance of the Siwalik rocks 
(i.e., during the Siwalik period) the Himalayan rivers, great and small, flowed 
just where they now do in the mountains ; so that there is nothing to support the 
supposition that any great elevation or violent movement of any kind accompanied 
the disturbance of the Siwalik rocks ; for they probably were tilted up so slowly 
that the main rivers could part passu erode their gorges across the rising strata. 
Another fact of corresponding import is found in the form taken by the Siwalik 
strata under disturbance. The duns, or longitudinal valleys occurring so constant- 
ly inside the Siwalik ranges, are generally formed of the topmost Siwalik strate 
in a more or less horizontal condition, rising by a gradual increase of dip to form 
the range outside the dun, while on the inner side they either abut abruptly 
against the rocks of the inner range, or else are bent up sharply to furm that range. 
Such a feature strongly suggests the probability that the final limit of the dis- 
turbance may be no less abruptly marked ; so that beyond the extreme verge of 
the vertical Siwalik strata, these same strata may have remained permanently in 
their orifinal gentle slope of deposition, and would thus be in conformable se- 
quence with the most recent deposits of the plains within a very short distance of 
the hills. It is independently intelligible that the slow compressing force to 
which the bending of the strata and the consequont rise of the hills were due, 
would expend itself to the utmost on each flexure before giving rise to a new 
one. 

9. ‘‘Such a process would of course iniolve great erosion of the Siwalik 
strata in the immediate region of upheaval; and there is abundant evidence of 
this, not only in the river gorges and the deep ravines of the minor strvams, but 
along the whole outer edge of the hills, where, as a rule, the uppermost gravel 
beds of the plains rest upon the edges of low Siwalik strata near the axia of the 
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flexure, the whole of the outer and steeper side of which has been removed. 
Under the supposed conditions of disturbance this denudation would not have 
reached far; so that within a short distance there might be completely conform- 
able sequence between the Siwalik deposits and those of the actual plains. 

10. ‘One important direct observation has been made upon the underground 
constitution of the plains, in the boring for an artesian spring at Ambala to a 
depth of 700 feet. No gravel bed or other water stratum was met with, and the 
boring ended in stiff clay. If this section could be taken as representative, it 
would be conclusive evidence against the supposition of these deposits lying in a 
simple post-Siwalik basin of erosion; for the bottom of such a basin must at 
Ambala be within a much less depth than 700 feet, and the basal beds in such a 
basin must as a rule be coarse, porous, and water bearing. It is easy to explain 
a possible exception to this rule; and Ambala is just in the position where such 
an exception would be most likely to occur. It is about 20 miles from the foot of 
the hills, and this is beyond the distance to which gravel is now swept by the 
small streams and the rain-wash on the steeper slopes near the hills. It is only 
within the range of the great rivers, in the deeper parts of the supposed basin of 
erosion, that coarse deposits must occur somewhere in almost every section, es- 
pecially at or near the base; and in river-formed deposits such as these, the range 
of the great rivers embraces in time more or less the whole area. Ambala, about 
midway between the Jumna and the Sutlej, and so near the hills, is just in the 
position most likely to escape that influence, as the whole growth of deposits might 
be directly from the hills, or by overflow of finer sediment from the main rivers. 
In this way there might be nothing there to mark the bottom of the basin or 
surface of erosion in so small a section as that given by a boring; and thus the 
passage from the recent plains deposits into beds of such similar composition as 
are those of the upper Siwaliks would not be noticed. It can however be affirm- 
ed that the boring did not reach beds that had undergone any considerable dis- 
turbance, for the frequency of alternation of beds in the lower part of the boring 
was as great as In the upper part, whereas a very moderate tilting of the lower 
beds would have given a perceptible apparent thickening of the several strata 
passed through by a vertical boring. 

11. “There is yet to be taken into account a consideration of great weight 
in this discussion. It was long ago suggested by Herschell,? in seeking for a 
prime mover of the forces by which crust movements are effected, that the fami- 
liar process of denudatiun by the continual removal of matter from ste@p elevated 
tracts and the deposition of it in adjoining low ground, evidently disturbs the 
equilibrium of strain beneath those areas, causing a tendency to elevation in the 
former and to depression in the latter. Recent researches upon the nature of the 
earth’s rigidity entirely confirm that inference; and it is the obvious explanation 
of the constantly observed fact of depression in deltas. Borings in the delta of 
the Ganges at Calcutta have discovered land surfaces far below the present sea 
level, Now these conditions occur in a very concentrated form along the fringe 
of the Himalayan border. An enormous amount of detritus is annually swept 
down from the mountains, a relatively large proportion of it being from the 


1 In note I to Bubbage’s Ninth Bndgewater Treatise, 2nd edition. 
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softer rocks of the Sub-Himalayan hills; and a relatively large proportion of that 
detritus is deposited in the upper marginal region of the plains. It thus becomes 
a matter of certainty that depression to an unknown extent has taken placo im 
this latter area. This view considerably modifivs the inference to be drawn 
regarding the lower beds in the Ambala boring as based on the supposition of 
extensive elevation and erosion. The probability would now seem to be that the 
boring did not reach beds of Siwalik age. It is evident that these later conclu- 
sions regarding the underground relations of the plains’ deposits render more 
difficult than ever any speculation as to the position or depth of an artesian 
source, although by no means shaking the probability that such sources occur 
there.” 

12. These last words show how little dependence was placed upon the hypo- 
thetical condition of a continuous post-Siwalik surface of erosion covered by coarse 
deposits beneath the alluvium of the plains. Thus, from quite opposite sides. 
though from the same suggestion of a slow rising of the mountain area and 
depression of the adjoining region, Mr. Oldham and I bave independenly shown the 
non-existence of the condition which he has characterised as the fundamental 
assumption for the success of artesian wells. Although in the paper under refer- 
ence ] gave ample proof that no such condition was neccessary, I must plead 
guilty to having myself exaggerated not only the chance of its occurrence, but 
also its importance. From figure 1 of the experimental results (l. c, plate fac- 
ing page 207), it is apparent that any approach to a compkts fulfilment of that 
condition would be fatal to success as affording equal capacity for percolation 
throughout, and therefore no compulsion to arise, beyond what might be due 
to variation of slope. The proclivity to exaggerate the importance of this con- 
dition is the desire to make sure of porous deposits throughout, and their conti- 
nuity from the source of supply ; but it is plain that sufficient assurance on this 
point may be established without the assumption in question. 

13. Inthe first place there is much misapprehension as to the facts of porosity 
and percolation. Although the statical porosity, the capacity for holding water 
in the interspaces, is the same in granular bodies whether the grains be large or 
small, the dynamical porosity, the facility of percolation, is much greater in the 
latter case, because of the much less surface of contact involving friction. Thus in 
the experiments described in the paper under reference, th2 discharge from the 
pipe (fig. 1) was 12 cubic inches per minute when filled with large shot (B. B.), 
and only 5 when filled with small shot (No. 8), the discharge from the same 
pipe when free being 322 cubic inches. A great mistake is however made in 
applying this fact to rocks. Conglomerates and gravels are not, except very 
rarely, made up only of large and small stones; there is always a matrix, gene- 
rally of sand; so that in point of fact, gravel is less porous than sand, for every 
pebble is so much potential porosity abstracted. Sand of some sort is there- 
fore, in every case, the effective medium of percolation. The maximum or 
norms] porosity of a body composed of equal spherical grains, is about 40 per 
cent. 


2 The Ganges sand at Narora -is stated by Culonel Brownlow, K.E., to absorb 2°5 gallons of 
water to the cubic foot, ie, 40 per cent. 
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14. Next as to distribution: from Mr. Oldham’s rough statement of the case it 
would be understood (though of course he did not mean it) that only clay depo- 
sists take place at a distance from the upper margin of the plains, but as a fact 
it is certain that the great rivers bring down sand in abundance to the very 
delta. In the total burden of solid matter discharged from the mountains, sand 
is certainly the chief ingredient, and I do not see how it can be doubted that such 
deposits were more or less freely continuous throughout the areas over which 
these rivers spread. The occurrence that took place last year in sinking a well in 
the Ganges for one of the piers of the railway bridge at Benares, when the 
well was burst by a sudden influx of water from below a bed of clay rising 
to a greater height than the river water outside the well, proves that partial 
artesian conditions exist at shallow depths, near to the lower margin of the 
plains. 1t is in the areas of tranquil inundation between the great rivers that 
deposit of clay prevails. The alternation of the two kinds of deposit is secured by 
the necessary precess of growth whereby depositing rivers must in time change 
their course impartially over their basin of deposition. In taking the Ambala 
boring as a type of what may be expected in the plains, Mr. Oldham has ignored 
how peculiarly its position excludes it from being taken in that sense as is ex- 
plained above (§ 10). In sinking the piers of the Jumna bridge east of Ambala 
at the same distance from the hills, large boulders were found at 40 feet below the 
bed of the river. 1tis no doubt conceivable that even in the open plains some 
spots may have successively escaped any adequate amount of sand deposits during 
the repeated oscillation of the great rivers; but on this point also much misappre- 
hension exists as to what occursin nature. In an official discussion upon this ques- 
tion, it was urged that the possible porous layers in these deposits would be re- 
presented by long strips corresponding with the courses of the great rivers, the idea 
being taken from the rivers of Upper India as now exhibited. But this is mislead- 
ing ; for these rivers now for the most part run in valleys of erosion, and are not 
adding to the adjoining plains, The state is very different under formative condi- 
tions, when the river in flood runs at the general level of the country and distributes 
its branches over a wide area, as is now the case with the Brahmaputra in Upper 
Assam. [ therefore maintain that there is a strong presumption that porous beds 
do occur at various depths over a large proportion of the plains, and that they 
are almost necessarily in connection with like deposits up to the base of the 
hills. 

15. Any one who has realized the process of growth of the plains deposits as 
indicated above, can have no difficulty in meeting the objection suggested by Mr. 
Oldham as to the state of things at the origin of the deposits, which is the 
third condition of success. Even granting his main contention that as the 
mountain border rises or the plains are depressed there is a growing tendency to 
‘widen the zone of coarser deposits by extension over fine deposits that had 
previously been laid down, the whole argument is only valid against the aforesaid 
fictitious ‘‘fundamental assumption.” Though the ultimate general tendency 
may be as stated, it is quite certain that from the beginning the process was exceed~- 
ingly irregular; that while the streams were pushing their coarser deposits in one 
direction, the finer deposits in the other direction must have encroached upon the 
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coarser deposits of a previous period,' and so the resulting structure of thejde. 
posits in this region must be an entanglement of projecting wedges of coarser 
deposits between sheets of non-porous beds, thus producing the conditions most 
favourable for artesian sources as illustrated in the experiments given in my paper 
(l.c. p. 207)—a large sectional area of water-holding deposits at the head of 
supply, tailing off into beds of less capacity and between impervious beds. If 
there were any need to do so for the present argument, I think that a strong 
case might be made for an extension of the early post-Siwalik bhdbar much 
beyond the range of the actual bhabar. The upper edge was cortainly vonsi- 
derably nearer the plains originally than at present ; for now it for the most part 
occurs along the axis of flexure, in contact with middle Siwalik strata, having 
overlapped the denuded edges of the Siwalik conglomerates ; and it seems to me 
highly probable that in the early stages of Siwalik elevation, when the now 
buried conglomerates were under active denudation, the resulting bhdbar may 
have reached much beyond the presont limits of this zone, beneath the finer de- 
posits of the present plains. I do not think that the fact of such depression as 
contemplated by Herschell or Mr. Fisher would practically have any direct offect 
upon the conditions of water percolation as originally established in the process of 
deposition. 

16. When I first noticed in 1864 (Memoirs III, pp. 182-5) that there seemed 
a fair chance for successful artesian borings in the Gangetic plains, although Sir 
John Herschell’s pregnant suggestion was in view (lc. p. 198), I did not then 
consider the point which we have now shown to have little practical bearing on 
the question. My recommendation was based on the general aspect of the con- 
ditions. In 1867, a definite project for a boring at Ambéla was referred to me 
for opinion. I then referred to a number of successful artesian borings in 
analogous positions, and quoted them as confirming my originis] reeommenda- 
tion.* These examples were particularly instructive in showing how little did 
success depend upon any regularity in the deposits; how, among the promiscuous 
interlapping of fluviatile deposits, the continuity of water-bearing strata is somchow 
and in variable degrees sustained. Thus, when it camo to the point, my recom- 
mendation rested chiefly on instances of success under like conditions, rather 
than upon theoretical grounds. On the occasion of successful artesian borings at 
Pondicherry, I again took up the question and discussed it in a more systematic 

ner in the paper under reference (supra, XIV, pt. 3), giving numerous 
examples. Thatat Venice may again be referred to with advantage in the present 
connection. It is in a deltaic area, below a broad bhdbar zone which rests against 
disturbed pliocene strata at the foot of the Alps, the features thus in every respect 
corresponding to those in the case under consideration. The area, too, is one of 
considerable depression ; the boring begins at about sea-level, and several old land 


' Close to Hardwar, within the mouth of the gorge of the Ganges through the Siwaliks, a bed 
of stiff clay is seen resting upon coarse bouluer gravel, Mem irs, Vol. III, vt. 2, p 153 In the 
Siwaliks tnemselves the outermost (highest) eds seen are alternating clays anu coarse conglomer- 
ates dipping at 80° towards the plains. Zé:d, p. 118 


3 The papers are published in No. 178 of Selections from the Recoids of the Government of 
India, Home Departinent, p. 47. 
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surfaces were passed through to a depth of 400 feet. No coar i 

kind were struck within the depth explored (422 feet), only clay pig ieee the 
occasional layers of peat that had once formed the land surface. The copiou 
water bed occurred in sand at a depth of 200 feet. The circumstances of the 
Gangetic plains differ only in respect of magnitude. This is no doubt in iteolé 
presumably adverse, owing to the greater friction to be overcome in the percola- 
tion of the water stratum. On the other hand, these relative magnitudes are often 
self-compensating, and it would, I think, be a mistake to decline experiment in 
a matter of such importance for theoretical reasons of uncertain applicabilit 

1? After careful reconsideration of the whole case in the light of the ie 
imaginary difficulty raised by Mr. Oldham, I have to reaffirm my conviction that 
there is reasonable prospect of success. 

18. It is most unfortunate for the cause that the experiments that have so far 
been made were fixed upon solely on grounds of local need, and not as in any degree 
favourable sites for testing the conditions. It has been shown above that Ambaéla 
is in a position most likely to be out of reach of water-bearing deposits, compara- 
tively pis? as el as midway, at a considerable distance, between the great 
rivers which are the vehicles for such deposits: et an oe 
scale is being made at Agra, for which eee alain deadbeat re 


ae degree responsible. 
I could not say there was no c af. ain 1 some ‘BT Pp 
about the last place. 5 = ae hansrnts success, but I did not fail to say 1t was 
sl00 


with hap he- - ald choose for a trial boring. In discussing the question 
ie vagineer who was getting up the projects for the water-supply at Agra, 
my written opinion was as follows :—‘“ Agra is not perhaps the most propitious 
position for a boring, and if I were starting a series of experimental borings, I 
would not begin there, because of its much greater proximity to the south margin 
of the basin, while the water-supply to be expected would, I think, be from the 
north. Although Agra is now at the lowest point of the basin, the hollow of the 
original depression was much more to the north, the change being due to the 
more abundant supply of detritus (by rain and rivers) from the north, and the 
consequent encroachment and overlap of deposition from that side. Thus the 
boring at Agra will be in deposits having a different source of origin from those 
through which the water-supply is expected ; and although the strata are contem- 
poraneous and in the same basin, the continuity of porous or non-porous strata, and 
hence the connected percolation, may not be as free as if the boring were altogether 
in beds of northern derivation.” Subsequently, in answer to a formal reference 
from the Government of the North-Western Provinces on the subject, I wro 
(1st December 1881)—“ It only remains for me to say that the grounds of possi- 
bility and hope are sufficient to recommend another trial. In order of merit I 
“ould choose Bareilly, Shajehanpore, Fyzabad, and Lucknow as propitious 
ions. Regarding Agra, I have already given an opinion, quoted in Major 








Jaco report on the water scheme for that place. Although holding that an 
artesiam\spring would not be hopeless there, I was careful to point out that it was 
by no meays & propitious place for a new venture, on account of its great distance 


from the northern sources and its actual proximity to the southern edge of the 
hasin.” It is\pbvious that the friction difficulty will be at its maximum here, and 
the free connection with the head of underground water at its minimum. On the 
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19th of February the boring had attained a depth of 481 feet, with the section 
given in the following table. The thin bands of sand Nos. 30 and 32 are pro- 
bably isolated in the clay. The experiment certainly cannot be considered as fairly 
completed at this depth. 


Section of Artesian Loring uf Agra, 1881-85. 


Pee | sibs a of Depth, 
} 
1 16 16 Loam. 
2 10 26 Sand, loamy, with small hankar. 
3 10 36 » loamy. 
4: 8 44, » fine. 
5 19 63 Clay, loamy. 
6 27 90 Sand, loamy (sweet water). 
7 20 110 Kankar and sand. 
8 29 139 Sand, white, and sandstone (water brackish), 
9 5 144 » White with kankar. 
10 22 166 Clay, loamy. 
11 68 224 ee 
12 56 280 »» loamy. 
13 16 294 » and kankar, 
14 9’ 6” 296 6” | Kankar. 
15 1’ 6” 298 Clay, loamy. 
16 3’ 6” 301’ 6” és 
17 1 3802’ 6” | Kankar. 
18 8’ 6” 311 Clay. 
19 1 $12 Kankar. 
20 15 827 Clay. 
21 ll 338 Sand, loumy, 
22 7 345 » red, and kankar (a little water). 
23 15 360 Ioam, 
24 1” 6” 361° 67 | Kankar. 
25 18’ 6” 380 Clay and kankar. 
26 10 390 »» loamy. 
27 4 394 52 
28 2 396 Kankar. 
29 44, 440 Clay. 
30 3’ 9” 442’ 9” | Sind running, full of water. 
31 23’ 9” 467’ 6” | Clay, loamy. 
82 8 470° 6” | Sand running, full of water; some large angular grains of 


quartz and felspnar. 


ny. 
34 eeveoe 4  aaaitis’ Sand (dry), with small ferruginous concretions. 


2S GE I ee 


Notes on the Geology of the Aka Hills, Assam, by Tom D. LaToccue, B.A., 
Geological Survey of India, (With a map.) 


In December of last year (1883) I obtained permission to accompany the ex- 
pedition against the Akas, a tribe occupying the Lower Himalayas to the north 
of Tezpur in Assam, between the Bhutias and Daphlas. Although these hills 
had not been surveyed before, yet the observations made by Colonel Godwin- 
Austen in the Daphla hills about 40 miles to the east, and published by him in 
the Journal of the Asiatic Society of Bengal, Vol. XLIV, Pt. Il, had shown a 

G 


122 Records of the Geological Survey of India. [VoL. xviII. 


sequence of rocks similur to that found by Mr. Mallet in the Sikkim area to the 
west (Mem. Geol. Surv., India., Vol. XI, Pt. I), and therefore it was probable 
that, as the Aka hills are physically continuous with those on either side, the 
same rocks would be found in them, and this I found to be the case. Represen- 
tatives of the rocks described by Mr. Mallet as occurring in the Teesta valley, viz., 
Tertiary, Damuda, and Daling, were found in situ, and judging from the number 
of boulders of gneiss brought down by the rivers crossed during the expedition, 
there is no doubt that this rock forms a great part of the country to the north 
of the Daling series. 

The first hills met with to the north of Tezpur form a long ridge on the south 
bank of the Borholi river, rising to 800 or 900 feet above the plains of Balipara. 
This ridge is of pleistocone age and consists entirely of an unstratified drift of 
well rolled boulders and pebbles derived from the hills to the north, gneiss and 
granite being the predominating rocks. Quartzites and hard sandstones from 
the Damudas and Tertiaries are also common. To the north of the Borholli, 
following the route taken by the expedition up the Diju stream, similar beds of 
drift form low hills and terraces on either side of the stream for 7 or 8 miles. 
This great accumulation of diift is probably the result of torrential action due to 
the greater extension of the Himalayan glaciers in post-tertiary times, 

About 8 miles from the Borholi, the Diju valley becomes narrower, and beds 
of tertiary rocks are seen in situ on the banks of the stream. These are light- 
grey sandstones, with beds of shale, sometimes carbonaceous, much crushed and 
locally contorted, dipping to north-east at 55°. Further into the gorge other 
exposures are seen of micaceous fissile sandstone with shales dipping always at 
high angles to the north-east and becoming vertical at camp No. 1, about 12 
miles from Dijumukh. In a large boulder of the sandstone in the bed of the 
stream, I noticed a fossil tree trunk about 1 foot in diameter, coated by a 
layer of lignite one inch thick, but one found no lignite om situ, nor did I see any 
fossils. 

At camp No. 1, the path left the Diju and led over a ridge about 1,200 feet 
above the stream to camp No. 2 on the Maj Borholi. Owing to the dense jungle 
I could find no sections of the rocks forming the ridge, but the fragments on the 
path were all of brown ferruginous sandstone. 

In the Maj Borholi valley the rocks exposed were entirely different from the 
soft tertiary sandstones of the Diju, and consisted of hard grey quartzitic sand- 
stones interstratified with carbonaceous shales and seams of coal, the whole much 
crushed and contorted. A good section was obtained in a small stream running 
north into the Maj Borholi at camp No. 2. Here the rocks were dipping at high 
angles to the south, and the following beds were exposed, in descending order :— 


Ft. Tus. 

Light coloured quartzitic sandstones, much jointed : . about 20 0° 
Shales with bands of sandstone 1 to 2 feet thick . : ° : 45 0 
' Coal, fuirly constant in thickness ° ‘ . ; . : 1 6 
‘Black shales . ; ‘ : ; ; ° ; : ; 8 9 
Ierk grey sandstone : . . j 3 ‘ : . 2 0 
Head dark coloured sandv shales i ‘ % ‘ ; 8 0 
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Ft. Ins. 
Coal, thickness variable, much crushed : ‘ over 1 0O 
Light grey coarse quartzite with alli of flaky coal : ° ‘ 69 0 


Dark coloured sandy shales : ‘ : : ; 56 0 
Coarse hard grey quartzitic sandstone ‘ : ‘ : about 8 O 
Light coloured shaly sandstone ? ‘ : : ; 6 90 
Black shales, centre portion very carbonaceous : 4 0 
Soft grey micaceous sandstone . . . ° 14 90 
Hard dark coloured micaceous sandstone and ae ‘shales 

with a thin seam of flaky coal at the base . . ‘ : ; 20 90 
Hard grey quartzitic standstone : . : : : as 


Above this section slips have occurred in the sides of the gorge, and where the 
rocks appear again they are so much contorted and crushed that it is impossible 
to identify the different beds, or to form any correct estimate of tho thickness of 
the whole series. The Borholi above the camp runs along the strike of these 
beds, and outcrops of carbonaceous shale and coal occur at intervals for ahout 
2 miles up the river ; outcrops also occur on the north bank. On tho return route 
from Jamiri to Balukpung, about 8 miles to the west, I was unable to identify 
this band of coal-bearing rocks with certainty owing to the dense jungle, but 
near the camp between Jamiri and the Borholi, we crossed some carbonaccous 
shales on the same line of strike which are probably a part of this series. These 
coal-bearing rocks are identical in position and composition with the Damudas 
described by Mr. Mallet in the Sikkim area, and found by Colonel Godwin- 
Austen to the east in the Daphla hills. 

From camp No, 2 the path led over a jungle-covered ridge to the north, 
rising to 4,000 feet above the Maj Borholi, and descended about 3,000 feet to the 
Tenga Pani. Blocks of a micaceous slaty schist were common on the path, and in 
the Tenga Pani this rock was seen in situ, striking east and west, and nearly verti- 
cal, Some of the beds were very fine-grained and fissile, and might do for roof- 
ing slate, but their distance from the plains and the ruggedness of the country 
between render them practically useless. To the north of the Tenga Pani simi- 
Jar slaty schists form the ridge on which the Aka villages Mahdis and Labris 
are situated, rising to 6,000 feet above sea level, and extend to the west to and 
beyond the village of Jamiri, where they are silvery greenish mica schists, some- 
times slightly talcose. These rocks are probably the equivalents of the Daling 
slates and schists of Sikkim, but I nowhere found any dolomitic beds or repre- 
sentatives of the Baxa beds as described by Mr. Mallet. And as I found no sec- 
tions showing the junction of the Damudas and Dalings, I cannot throw any 
light upon the question as to which of these series is the older. 

As to the practical importance of the coal seams in the Damndas, very little 
need be said. Even if the seams were thick enough to be worked, and not broken 
up and crushed as they are, their distance from the plains and the difficulties of 
transport would prevent their being worked with profit, especially as there are 
much larger coal-fields in Assam, and more easy of access, which have never been 
touched as yet. Even in the Teesta valley, where these Damuda beds contain 
thicker seams of coal close to a line of railway, the attempts to work them have 
so far resulted in failure, principally owing to the crushed condition in which the 
coal occurs, and the consequent necessity for a costly process to consolidate it. 
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Of other mineral{products the country appears to contain little or none. The 
tertiary rocks contain a little hme which is here and there deposited as tufa by 
streams on the face of cliffs, and doubtless there are layers of lignite, but neither 


of these exist in’sufficient quantity to be of any use. 


On the alleged tendency of the Arakin Mud Volcanoes to burst into eruption most 
frequently during the rains ; by F. R. Maier, Deputy Superintendent, Geologi- 
cal Survey of India. 


On the 10th December 1884 an eruption occurred from one of the Cheduba 
Mud Volcanoes, concerning which we have not as yet received any information 
officially. It was, however, witnessed by Captain H. G. Creft, Commander of 
the British India Steam Navigation Company’s vessel Coconuda, while passing 
through Cheduba Straits, and, in a letter received from him on the subject, Captain 
Creft describes the eruption as having been “of very short duration, not more 
than eight minutes, but while it lasted the Hames must have been quite 400 feet, 
accompanied with large volumes of smoke.” 

As mentioned in a previous volume,’ g notion is prevalent amongst the Ara- 
kin Islanders that eruptions from the mud volcanoes occur mure frequently dur- 
ing the rains than at other times of the year. Were such an idea confined to the 
islands in question, it might possibly not be worth much investigation, but a 
very similar one is entertained with reference to the mud volcanoes of Java, 
which are said to explode most violently in the wet season. The main object held 
in view in recording the Arakdén eruptions is the collection of sufficient materials 
for putting the truth of such supposed periodicity to the test. To generalise 
with safety, « far more extended record must be available than exists at present, 
but, pending the growth of such, it may be of some interest to place together 
.the materials which have been collected up to the present time, Altogether the 
dates of 13 eruptions are accurately known. 


rrr cer ES 
—— 
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LociLitTs oF VOLcaNno. Date of krupt'on. Retcrence. 


Near Kyauk Pyu ; . . . 
Ditto ‘ , : , 








26th Aug. 1833 . 


.| Vol. XT, p. 197, 
.| 3-Lam., 23rd March 18389 _. 


Ditto. 


Ditto 11 P.m., 6th Feb. 1843 Ditto. 
Submarine, a little S, ‘of F alse Irland: 7 or 8a M., 26th July 1843 .| Vol, XI, p. 198. 
Submarine, &. { E. from W. Baronga Island . 6 or Fem, 2nd Jan, 1845 Ditto. 


Near Kyauk Pyu ° . ° 
Near Peu-lay-na, Rémri Island ; : 
S. of Cheduba ? : 


Near centre of Cheduba : 
South part of Cheduba . . 
Minbyin Circle, Cheduba 


8-45 pmw., 25th Oct. 1846 
7 a.M., 19th March 1878 2 
12th Murch 1879 


| 8am. 27th Feb. 1881 


7-55 a.m., 8lst Dec. 1881 
28rd March 1883 


Minbyin Circle, Cheduba (same Vol. as that | 8 A.M,, 28th April 1884 


of 81-12-81). 
Cheduba ; 


1 Vols. XI, p. 201, and XII, p, 70, 


10th Dec. 1884 


Vol. XI, p. 199. 
Vol. XII, p. 70. 
Vol. XITT, p. 206. 
Vol. XIV, p. 196. 
Vol. XV, p. 141. 
Vol. XVI, p. 204. 
Vol. XVII, p. 142. 


Vol. XVIII, p. 124. 





2 There is no reason to suppose that eruptions were less frequent between 1846 and 1878 then 
before and after those dates, the gap being doubtless dae merely to the imperfection of the record. 
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In the following table are given the number of eruptions that oceurred in cach 
month, and the average monthly rainfall at Kyauk Pyu (deduced from the obser- 
vations of 17 years) } :— 


Eruptions, a a 

In January. . : : . : 1 "10 
» February. ‘ ‘ ; i ' : 2 06 
» March : . : : ; ‘ : } 30 
» April ‘ : : ' , ' : 1 "UG 
» May e « f wt oe we & 0 Wz 
» sune ; 2 ; : : ‘ ‘ 0 4172 
» duly : é : : : . ; l 405 62 
» August . ‘ ; ; i ; ‘ 1 39 39 
» September . : : . : : 0 21°23 
» October : ‘ : ‘ ; : : 1 10 41 
» November . ; ‘ : i , ; 0 419 
» December. : : : ; , ; 2 3h 
Toran ; 13 75 44 


From this it appears that, ont of an annual rainfall of 175°44 inches, 173°68 
inches fall in the seven months between the beginning of May and the end of Nov- 
ember, while only 1°76 fall in the five months between the 1st of December and 
end of April. Of the 13 eruptions 10 occurred during the five dry months, while 
only three took place during the seven wet ones. The observations, therefore, 
as far as they go, tend to suggest a conclusion exactly the reverse of that held by 
the inhabitants of the islands. It is interesting to note in this connection that 
(as remarked by M. Dubois de Montpéreux)? out of six eruptions from the mud 
volcanoes near the entrance to the sea of Azov, five occurred between the begin- 
ning of February and the 10th of May, or at just the time of year when the dates 
given seem to indicate that eruptions from the Arakin volcanoes are most fre- 
quent. 

Although scarcely capable of being regarded as more than a curious coinei- 
dence, one cannot but notice the large proportion of eruptions which have occur- 
red within an hour or two of suurise or sunset. At night, and during the hottest 
hours of the day, when people are less out of doors, the chance of an eruption 
escaping notice is perhaps somewhat greater than at other times, 

Another point attracting the attention is that, while several of the carlier 
eruptions took place near Kyauk Pynu, nearly allthe iater ones have burst forth in 
Cheduba, suggesting that the main focus of activity may have shifted during the 
last few decades. But the list is so imperfect, and so many eruptions may hav 
escaped record, that any generalisation must be regarded with the greatest cau- 
tion. 


1 Report on the meteorology of India in 1882, p. 120. 
9 Vol. XI, p. 201. Geological Observer, p. 475. 
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Analyses of Phosphatic Nodules and Rock from Mussooree ; by F. R. Matret, 
Deputy Superintendent, Geological Survey of India. 


In the last volume of the Records! an account is given of the discovery, by 
the Rev. J. Parsons and Dr. Warth, of phosphatic nodules and rock at-Mussooree. 
Their chemical examination was taken up by my colleague Mr. E. J. Jones, who 
made qualitative analyses of both materials, and had commenced quantitative ones, 
when a severe illness obliged him to suspend the work, which he was subsequently 
unable to resume owing to his leaving Calcutta for work in the field. Assoon after 
my return from furlough as other duties permitted, therefore, I submitted (12 of) 
the nodules and the rock to quantitative analysis, with the results given below. Mr. 
Jones’ estimations of the phosphoric acid (the only constituent he weighed) agree 
with those now given within one or two per cent., a result as close as could be 
expected from the analysis of two different samples. How far the discrepancy (in 
as far as the relative proportions of alumina and lime are concerned) between the 
composition inferred from Mr. Jones’ qualitative examination, and that given 
below, should be ascribed to want of equality of composition in the different 
samples operated upon, and how far to undue reliance being placed on mere 
qualitative results, which circumstances prevented being checked by quantitative 
estimations, is perhaps open to qttestion. 


Nodules, Rock, 
Phosphoric anhydride. ; . . 34°70 = tricalcic phosphate 30°16 = tricalcic phosphate 
. 75°75. 65°84. 
Lime : ‘ j ; - - 4642 ~=—«C : : . 3921 
Magnesia . : ‘ ‘ : . 30. : ‘ . 55 
Alumina . ; , ° : ¢ 558 
Oxide of iron : ; ; ‘ } S60 ° . « 2:68 
Soluble silica i ° ; ‘ . 20. ‘ ‘ . ‘8d 
Insoluble siliceous matter ? ; } 957 . ; 1606 
Barium sulphate : 
Carbonaceous matter _. ; ‘ . 68, ‘ : . 92 
Loss on heating to 100C° : : . B82, : ‘ . 3 
Carbonic acid, sulphuric anhydride, fluo. 4:01  . ‘ ; - 38°96 
rine, undet, and loss. oe -—_— 
100°00 100°00 


The amount of carbonic acid and fluorine ia the nodules is greater than in the 
rock, only traces of fluorine occurring in the latter. This element was not esti- 
mated separately, and only a portion is included amongst the last-mentioned con- 
stituents. There is a somewhat considerable quantity of barium sulphate in the 
rock, much more than in the nodules. 

Both substances, and especially the nodules, are of high standard as mate- 
rials for the manufacture of artificial manure. 


1 Page 198. 

2 Jt is unfortunate that the estimation of lime, given at page 64, which was made ata time when 
I was too fully occupied to undertake, or fully supervise the work, was published. The result, 
owing to the method employed, was not supposed to give more than a rough approximation, although, 
of course, the great discrepancy between the amount then obtained and that given below must be 
due to some error in analysis. For this, however, the operator is in no way blameabie, as he was 
quite a beginner at such work. 
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ADDITIONS TO THE MUSEUM. 
From lst Januany to 3lst Marca 1886. 
Two fossil turtles, lower eovene; one from 10 ft. below the coal at Nila, Salt Range, Punjab; 
and the other, from above coal outcrop at Hillanwala near Dandot, Punjab. 
Presented BY Dr. H. Warr. 
Four specimens of fossil plants from Giridih, Bengal. 
PRESENTED BY Mr. J. Woop-Masown. 
Specimen of a mottled quartzite from the Kharakpur hills, Monghyr. 
PrrsENTED BY Mr. 1). Morizs, DURBHANGA. 
Two specimens of native gold in calespar, one with Malachite, said to be from one of the 
Khetri mines, Rajputana. 
PresEnteD BY Dr. J.R. Stratton, Poriticat AGENT, JEYPUR. 
Two specimens of grindstones of Bardkar sandstone, one measuring 3’ 6” diameter and 5” 
thick, and the other 10” diameter and 2” thick, quarried at Bardékar. 
PRESENTED BY THE BENGAL Stone Co. Lv., Howrag. 
A specimen of blende from Kashmir. 
PRESENTED BY L1EUT.-Cot. S1r Ottver St Jonny, K.C.S.I., R.E., Kasumi. 
Specimens of mica, garnet, epidote, egeran, &c., from the Tonk district. 
PRESENTED BY LiEvtT.-Co.. W. J. W. Mvir, Poniricatn AGENT IN HaROWTEE AND TONK. 


ADDITIONS TO THE LIBRARY. 


From Ist January To 3lst Marcy 1855. 

Titles of Books. Donors. 

ANDRE, George G.—A descriptive treatise on mining machinery, tools, and other appliances 
used in mining. 2 Vols. 4° London, 1877—1878. 

Bay ey, Thomas.—The assay and analysis of Iron and Steel, Iron ores and Fuel. 8° London, 
1884. 

BavEerMaN, Hilary.—Text-book of descriptive Mineralogy. 8° London, 1884. 

Boots, M, L£.—The Marble-workers’ Manual. Designed for the use of marble-workers, 
builders, and owners of houses. Translated from the French. 8° Philadel- 
phia, 1876. 

Brown’s Klassen und Ordnungen deg Thier-Reichs. Band VJ, Abth. IV, Aves, Lief. 10; and 
Band I. Protozoa, Lief. 28. 8° Leipziz, 1885. 

Bucu, Leopold von—Gesammelte Schriften. Band 1V, heft. 1—2. 8° Berlin, 1886. 

Bocues, Charles E.—Sotmne abnormal and pathologic forms of fresh-water shells from the 
vicinity of Albany, N.¥. 8° Pam. Albany, 1884, Tue AvTHOR. 

CHaRLeTon, Arthur G.—Tin: describing the chief methods of mining, dressing, and 
smelting it abroad. With nctes upon arsenic, bismuth, and wolfram. 8° 
London, 1884. 

Cotta, Bernhard von.—Rocks classified and described: a treatise on lithology. An English 
edition by Philip Henry Lawrence, with English, German, and French 
synonyms, revised by the author. New edition. 8° London, 1878. 

Dacosta, Lewis.—A translation of the Deewan Pusund, heing a treatise on Agriculture and 
Revenue Accounts; to which is appended a short essay on husbandry as 
applicable to the province of Behar. 4° Calcutta, 1824. 
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Titles of Books. Donors. 

Dana, Edward Salisbury.—A text-book of Mineralogy. With an extended treatise on 
Crystallography and Physical Mineralogy. 10th edition. 8° New York, 
1884. 

Davipson, Zhomas.— Monograph of the British Fossil Brachiopoda, Vol. V., pt., 3. (Pal. 
Suc.) 4° London, 1884. 

Dupont, Hdvward.—la chronologie géologique. 8° Pam, Bruxelles, 1884. Tae AuTHoR. 

Garpngpr, John Starkie—Monograph of the British Eocene Floia. Vol. II, part 2. (Pal. 
Soc.) 4° London, 1884. 

GranaM, David Allan.—A treatise on the comparative commercial values of gas coals and 
cannels. 8° London, 1582. 

Haa@a, A.—Nederlandsch Nieuw Guinea en de Papoesche Eilanden. Historische Bijdrage 
1500-1883. 8° Batavia, 1884. THe BatTavian Society. 

Hec, M/.—Travels in Tartary, Thibet, and China, during the years 1844-5-6. Translated 
from the French by W. Hazlitt., 2 Vols. 8° London, no date. 

Jones, 7' Rupert, KirnKBy, James W., anD Brapy, George S.— Monograph of the British 
Fossil Bivalved Entomostraca from the Carboniferous formations. Part I, 
No. 2 (Pal. Soc.) 4° London, 1884. 

Kinauan, G. H.— Notes on some of the Irish Crystalline Iron Ores. 8° Pam. Dublin, 1884, 

THe AUTHOR. 


‘3 Notes on the earthquake that took place in Essex on the morning of 
April 22, 1884. 8° Pam. Dublin, 1884. Toe AuTHoR. 
KirEPaTRICK, Cofonel.—An account of the Kingdom of Nepaul, being the substance of ob- 
servations made during a mission to that country in the year 1793, 4° 
London, 1811. 
KerL, Bruno.—The Assayer’s Manual. An abridged treatise on the docimastic examination 
of ores, and furnace and other artificial products. Translated from the 
German by William T, Brannt, and edited by William H. Wahl. 8° 
Philadelphia, 1883. 
Lypexker, Hichard—Catalogue of Vertebrate Forsils from the Siwaliks of India in the 
Science and Art Museum, Dublin. 4° Pam. Dublin. 1884. 
THe AUTHOR. 
” Note on the distribution in time and space of the genera of Siwalik 
Mammals ané Birds. 8° Pam. Londun, 1884. 
THE AUTHOR. 


. Note on a new species of Merycopotamus. 8° Pam. London, 1884, 
THE AUTHOR. 
‘3 Note on three genera of fossil Artiodactyla, with description of a 
new species. 8° Pam. London, 1885. THE AvTHOR. 
Lyman, Benjamin Smith—Topography of the Punjab Oil Region. 8° Pam. Philadelphia, 
1872. Tus AUTHOR, 


Magvin, Charles.—The petroleum industry of Southern Russia. 4° London, 1884. 
Norruine, ¥.—Die Fauna der baltischen Cenoman-Geschiebe. 4° Berlin, 1885, 
THE AvuTHOR. 


Paléontologie Frangaise, 1°. Série, Animaux Invertébrés. Terrain Jurassique, livr. 72-75. 
8° Paris, 1884, : 

Quensrept, Fr. Avg.—Handbuch der Petrefaktenkunde, Auflage III, Lief. 19-20. 8° 
Tiibingen, 1884, 
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Titles of Books. Donors. 


Recuius, Llisée—Nonvelle Géographie Universelle Vol. X. L’Afrique septentrionale, lre 
partie, Bassin du Nil. 8° Paris, 1884. 
Schwarz, C. von.—Report on the financial prospects of iron working in the Chanda district, 
fisc. Pam. Calcutta, 1882. 
i Reports on iron working in the Raniganj sub-division of the 
district of Burdwan in Bengal, fisc. Pam. Simla, 1882. 
Sstwyn, Alfred R. C. anp Dawson, George M.—Descriptive sketch of the physical geo- 
graphy and geology of the Dominion of Canada. With geological map. 
8° Pam. Montreal, 1884. | Gson. anp Nar. Hist. Survey or CanaDa. 
SLEeMANn, Sir William H.—A journey through the kingdom of Oude in 1849-1850; by 
direction of the Right Hon’ble the Earl of Dalhousie, Governor Genoral. 
With private correspondence relative to the annexation of Oude to British 
India. 2 Vols. 8° London, 1858. 
Smytu, 2 Brough.—Hints for the guidance of surveyors and others in collecting specimens 
of rocks, &. 8° Pam. Melbourne, 1871]. 
Spon, Ernest & F. N.—Dictionary of Engineering, Civil, Mechanical, Military, and Naval. 
With technical terms in French, German, Italian, and Spanish. 3 Vols., 
Edited by Byrne and Spon. 8° London, 1874. 
‘i Supplement to Spop’s Dictionary of Engineering, Civil, Mechanical, Mili- 
tary, and Naval. Edited by Ernest Spon. 8° London, 1881. 
Symes, Michae/.—An account of an embassy to the Kingdom of Ava sent by the Governor 
General of India in the year 1795. 4° London, 1800. 
Txomson, Sir C. Wyville, and Musray, John.—Report on the scientific results of the 
voyage of H. M. S. “Challenger” during the year 1873-1876. Vol. X, 
Zoology. 4° London, 1884. SecreTaky or Srare ror Inpta. 
Teyon, George W.—Structural and Systematic Conchology : an introduction to the study of 
the Mollusca. Vols. 1—3. 8° Philadelphia, 1882-1884. 
Woopwakp, Henry.—Monograph of the British Carboniferous Trilobites. Part 2. (Pal Soc.) 
4° London, 1884. 
Waricut, Zomas.—Monograph on the Lias Ammonites of the Britis: Islands. Part 7. 
(Pal. Soc.) 4° London, 1884. 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 3rd Series. Vol. XXVIII, No. 168, to Vol. XXIX, No. 170. 
8° New Haven, 1884-1885. THE Epirtors. 

American Naturalist, Vol. XVIII, No. 11. 8° Philadelphia, 1884, 

Annalen der Physik und Chemie. Neue Folge. Band XXIII, Heft 4, and Band XXIV, 
Nos. 1—2. 8° Leipzig., 1884-1885. 

Annales des Mines. 8™° Série. Vol. VI, livr. 4. 8° Paris, 1884. L’Apmins. pes Minzs, 

Annales des Sciences Naturelles. Botanique. 6° Série. Tome XIX, Nos. 1—6, and XX, 
Nos. 1—3. 8° Paris, 1884. 

Annales des Sciences Naturelles. Zoologie et Paléontologie. 6" Série. Tome XVII, Nos. 3—4, 
8° Paris, 1884. 

Annals and Magazine of Natural History. 65'* Series. Vol. XV, Nos. 85—86. 8° London, 
1886. 

H 
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Titles of Books. Donors. 
Archiv fiir Naturgeschichte. Jahrg. XLVIII, Heft 6, and L, Heft 3—4. 8° Berlin, 1882 
and 1884. 
Atheneum. Nos. 2981—2992. 4° London, 1884-18865. 
Beiblatter zu den Annalen der Physik und Chemie. Band VIII, No. 12, and Band IX, 
No. 1. 8° Leipzig, 1884-1886. 
Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles 8™° Période. 
Tome XII, Nos. 10—11. 8° Genéve, 1884. 
Bibliothéque Universelle et Revue Suisse. 37° Période. Tome XXIV, Nos. 71—72. 8° 
Lausanne, 1884. 
Botanischer Jahresbericht. Jahrg. X, Abth. I, Heft 1. 8° Berlin, 1884: 
Botanisches Central Blatt. Band XX, Nos. 10—13, and XXI, Nos. 1—8. 8° Cassel, 1884- 
1886. 
Chemical News. Vol. LU, No. 1307, to Vol. LI, No. 1818. 4° London, 1884-1885. 
Colliery Guardian. Vol. XLVIII, No. 1249, to Vol. XLIX, No. 1260, fol. London, 1884- 
1885, 
Das Ausland. Jahrg. LVI, Nos. 48—52, and LVIII, Nos. 1—8. 4° Stuttgart, 1884-1885. 
Geological Magazine. New Series, Decade 3, Vol. II, Nos. 1—2. 8° London, 1885. 
Iron. Vol. XXIV, Nos. 622, to Vol. XXV, No. 633. Fol. London, 1884-1885. 
Journal de Conchyliologie. 8"° Série. Tome XXIV, No. 3. 8° Paris, 1884. 
Journal of Science. 3rd Séries, Vol. VI, Nos. 131—132. 8° London, 1884. THe Eprror. 
London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th 
Series, Vol. XIX, Nos. 116—117. 8° London, 1885. 
Mining Journal, with Supplement. Vol. LIV, Nos. 2572, to Vol. LY, Nos. 2683. Fol. 
London, 1884—865. 
Nature Novitates, Nos. 28—265 (1884,) and Nos. 1—3 (1885.) 8° Berlin, 1884—18835. 
Nature. Vol. XXXI, Nos. 788—800. 4° London, 1884- -1885. 
Neues Jahrbuch fiir Mineralogie, Geologie und Palwontologie. Jahrg. 1885, Band I, Heft 1. 
8° Stuttgart, 1885. 
fir Mineralogie, Geologie und Palwontologie. Beilage-Band III, Heft 
2. ° Stuttgart, 1884. 
Petermann’s Geographische Mittheilungen. Band XXX, No. 12, and XXXII, Nos. 1—32. 
4° Gotha, 1884—1885. 
Mittheilungen. Supplement, No. 76. 4° Gotha, 1884. 
Professional Papers on Indian Engineering. 3rd Series, Vol. II, No. 8. Flsc. Roorkee, 1884. 
THomasSON COLLEGE OF CiviL ENGINEERING. 
Quarterly Journal of Microscopical Science. New Series. Vol. XXV, No.97. 8° London, 
1886. 
Zeitechrift fir Naturwissenschaften. Folge 4. Band III, Heft 5. 8° Halle, 1884, 


GOVERNMENT SELECTIONS, BEPORTS, &c. 


Assau.—Reoport on the administration of the Province of Assam for 1883-84. Filsc. Shillong, 
1885. : Curer CoMMISSIONEE OF Assan. 

Brenoat.—Quarterly Bengal Army List for January Ist, 1885, No. 91. 8° Calcutta, 1886. 
Govarnemunt Paintine Orricz. 


» Report on the administration of Bengal, 1888-84, ‘isc. Caloutta, 1885. 
GovemrMENT oF Bexaat. 
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Tiles of Books. Donors. 
BomBay.—Gazetteer of the Bombay Presidency. Vols. XXI—XXIII. 8° Bombay, 1885. 

Bombay GOVERN MENT. 

99 Report on the administration of the Bombay Presidency for the year 1883-84. 


Flsc. Bombay, 1884. BomBpay GOVERNMENT. 

9 Selections from the Records of the Bombay Government. New Series, No. 165. 
Fisc. Bombay, 1885. Bombay GovERNMENT. 

British Burma.— Report on the administration of British Burma during 1883-84. Flsc. 
Rangoon, 1884. Carer CoMmissIONER, BRITISH BorMa. 


Inpia.—Annual statement of the trade and navigation of British India with Foreign 
countries and the coasting trade of the several Presidencies and Provinces, 
in the year ending 3lst March 1883, No. 17. 4° Calcutta, 1885. 
GOVERNMENT oF INDIA. 
» Progress report of the forest administration in Ajmere-Merwara for 1883-84. By 


A. E. Lowrie. Fisc. Simla, 1884. Home DErPaRrTMENT. 
0 Report on the administration of the Hyderabad Assigned Districts for 1883-84. 
Fise. Hyderabad, 1884. REsIDENT, HYDERABAD. 


‘ Meteorological observations recorded at six stations in India in 1884, reduced and 
corrected. June to October 1884. 4° Calcutta, 1886. 
MeErTeEoROLOGIcAL REPORTER TO GOVERNMENT OF INDIA. 
o Report on the Mysore census of 1881. By Lewis Rice. Fisc. Bangalore, 1884. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
Inpra.—Selections from the Records of the Government of India, Foreign Department, No. 


199. Fisc. Calcutta, 1885. Forriegn DEPARTMENT. 
Mapzras.— Report on the administration of the Madras Presidency during 1883-84. Fisc. 
Madras, 1884. Maprss GOVERNMENT. 


PounsyaB.— District Gazetteers: Ambala; Amritsar; Bannu; Delhi; Dera Ghazi Khan; Dera 
Ismail Khan; Ferozepore; Gujranwala; Gujrat; Gurdaspur; Gurgaon ; 
Hazara; Hisar; Hoshiarpur; Jalandhar; Jhang; Jhelam ; Kangra; Lahore ; 
Montgomery; Multan; Muzaffargarh; Peshawar; Rawalpindi; Robtak ; 
Shahpur; Sialkot. 8° Lahore and Calcutta, 1883-84. PunzaB GovBERNMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Batavia.—Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. Deel 


XXII. Afl. 2—3. 8° Batavia, 1884. Tue Sociery, 

- Tijdechrift voor indische Taal-,Land-,en Volken-kunde. Deel XXIX, Afl. 5—6- 

8° Batavia, 1884. Tue Socrsry. 
Berast.-—Report and Proceedings of the Belfast Natural History and Philosophical Society, 
for the Sessions 1883-84. 8° Belfast, 1884. Tue Socrrry. 
Bertin.—Sitzungsberichte der Konig. Preussischen Akademie der Wissenschaften zu 
Berlin. Nos. 18—39. 8° Berlin, 1884. Tae AOapEMY. 

» Zeitschrift der Deutschen geologischen Gesellschaft. Band XXXVI, heft 3. & 
Berlin, 1884. Tus Socrzty. 


BomBay.~—Journal of the Bombay Branch of the Royal Asiatic Society. Vol. XVII, 
No. 44. 8° Bombay, 1884. Tux Society. 
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Titles of Books. Donors. 
Boston.—Proceedings of the American Academy of Arts and Sciences. New series, 
Vol. XI, pts. 1—2. 8° Boston, 1883-84. THE Acapemy. 
BreEsuav.—LEinundsechzigster Jahres-Bericht der Schlesischen Gesellschaft fiir vaterlin- 
dische Cultur. 8° Breslau, 1884. Tae Socrgry. 
BrussEts.— Bulletin dela Société Royale Belge de Géographie. Année VIII, No. 5. 
8° Bruxelles, 1884. Toe Socizty. 
BuparEst.—Naturhistorische Hefte, herausgegeben vom Ungarischen National Museum- 
Band VIII. 8° Budapest, 1884. THE MusEum. 


Burnos ArkEs.—Boletin de la Academia Nacional de Ciencias en Cordoba (Republica 
Argentina). Tomo. VI, Nos. 2—4. 8° Buenos Aires, 1884. 
THE ACADEMY. 


Catcurta.—Catalogue of the library of the Geological Survey of India. By Wm. Robert 


Bion. 8° Calcutta, 1884. GroLocicaL SurvEY oF INDIA. 
- Memoirs of the Geological Survey of India, Vol. XXI, pt. 2. 8° Calcutta, 
1884. GrotocicaL Survey or Inpia. 


- Paleontologia Indica. Series X, Vol. III, part 5, and Series XIV, Vol. I, part 
8, fasc. 4. 4° London and Calcutta, 1884. 
GrotoaicaL Survey oF Inpra. 
= Records of the Geological Survey of India. Vol. XVIII, pt. 1. 8° Calcutta, 
1886. Groztoeicat Survey oF Inpra. 
% Catalogue of the Presidency College Library. 8° Calcutta, 1882. 
PRrsIDENCY COLLEGE. 
i Catalogue of the Library of the University of Calcutta, 8° Calcutta, 1885. 
THE UNIVERSITY. 
¥ Journal of the Asiatic Society of Bengal. New Series, Vol. LIII, part. I, Special 


number, 8° Calcutta, 1884—1885. Tae Socrery. 
5 Proceedings of the Asiatic Society of Bengal, Nos. 10—11 (1884), and No. 1 
(1885). 8° Calcutta. 1884-—1885. THs Socisty. 
‘3 Survey of India Department. Notes for December 1884, and Jany. to Feby. 
1885. Fisc. Dehra-Dun, 1885. Survey oF Inpia. 


Transactions of the Agricultural and Horticultural Society of India, Vols. I.— 
VI, and VITI. 8° Calcutta, 1887—1841. 
CamBripcr, Mass.—Annual Report of the Curator of the Museum of Comparative Zoology 


for 18883—84. 8° Cambridge, 1884. Tae Museum. 
: ” Memoirs of the Museum of Comparative Zoology. Vol. VITI, No. 3, 


Vol. X, No. 3, Vols. XIT and XIII. 4° Boston, 1883--1884. 
Toe Museum. 
DrespENn.—Sitzangsberichte und Abhandlungen der naturwissenschaftlichen Gesellschaft 
Isis in Dresden. Jabrg. 1884. Juli bis December. 8° Dresden, 1885. 
Tue Socrezy. 


Hamitron, Cawapa.—Journal and Proceedings of the Hamilton Association. Vol. J, part 2. 
8° Hamilton. 1884, THe AcaDEMY. 
HargispurG.—Reports of the second Geological Survey of Pennsylvania. 
Coal Mining (A. C.), 1883. 
Chester County (C4), 1883. 
Lehigh and Northampton Counties (D,, I), 1883. 
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Titles of Books. Donors. 
Haregispure.—South Mountain Belt, Berks County (D,, II), 1883. 

Susquehanna river region (G,}, 1883. 

Warren County oil regions (14), 1883. 


Maps: Adams Co.; Franklin Co.; Cumberland Co.; South Mountain 
(4 sheets). 


Lrécx.—Annales de la Société Géologique de Belgique. Vol. XI. 8° Liége, 1883. 


Tue Socrery. 
LonpDorx.—Journal of the Anthropological Institute of Great Britain and Ireland. Vol. 
XIV, No.2. 8° London, 1884. 


= Journal of the Society of Arts. Vol. XXXIII, Nos. 1673-1683. 8° London, 


1884—1885. Tue Socrety. 

Proceedings of the Royal Geographical Society. New Series. Vol. VI, Nos. 
11—12. 8° London, 1884, Tue Socrery. 

z Proceedings of the Royal Institution of Great Britain. Vol X, part 3, No. 77. 

8° London, 1884. Tue Institute. 

es Quarterly Journal of the Geological Society. Vol. XL, No. 160. With list of 
Fellows for 1884. 8° London, 1884. Tue Society. 

Mapriv.— Boletin de la Sociedad Geografica de Madrid. Tomo XVII, Nos. 4—6. 8° 
Madrid, 1884. Tre Sociery. 
MancHesteR.—Transactions of the Manchester Geological Society. Vol. XVIII, part 3. 
8° Manchester, 1884. Tue Socrery. 


Monrreal.—Geol. and Nat. Hist Survey of Canada. Comparative vocabularies of the In- 
dian tribes of British Columbia. By W. Fraser Tolmie and George 


M. Dawson. 8° Montreal, 1884. Tne Survey. 
NevcuateL.—Bulletin de la Société des Sciences Naturelles de Neuchatel. Tome XIV. 8° 
Neuchatel, 1884. THE Society. 


NEWCASTLE-ON-TYNE.—Transactions of the north of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIV, part 1. 8° Newcastle-on-Tyne, 


1885. THE INSTITUTE. 

New Haven.—Transactions of the Connecticut Academy of Arts and Sciences. Vol. VI, 
part 1. 8° New Haven, 1884. THe AcapEmMy,. 

Panis.—Bulletin de la Société Géologique de France. 3me, Série Tome XII, No.8. 8° 
Paris, 1884. THe Socirery. 
PHILADELPHIs.—Journal of the Academy of Natural Sciences. 2nd Series. Vol IX, part 
1. 4° Philadelphia, 1884. THe ACADEMY. 

" Proceedings of the Academy of Natural Sciences. Part II. 8° Philadel- 

phia, 1884. THE ACADEMY. 

= Proeseedings of the American Philosophical Society. Vol. XXI, No. 115, 

8° Philadelphia, 1884. Tur Socrery. 

vgs Journal of the Franklin Institute, 3rd Series. Vol. LX XXVIII, No. 6. 


and Vol. LXXXIX, Nos. 1—2. 8° Philadelphia, 1881—1885. 
THE InstTITUTE. 
Pisa.— Atti della Societa Toscana di Scienze Natrrali: Processi Verbali. Vol. IV, pages 
125—145. 8° Pisa, 1884. Tuer Society. 
Report on the explorations in Great Tibet and Mongolia, made by A—k in 1879—1882, in 
connection with the Trigonometrical Branch of the Survey of India. Pre- 
pared by J. B. N, Hennessey. Fisc. Dehra Dun, 1884. 
Survey or Inpia. 
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Trtles of Books. Donors, 
Rio DE JanEInO.—Annaes da Escola de Minas de Ouro Preto. No.8. 8° Rio de Janeiro, 
1884. Tae ScHoot oF MINES. 

Sr. Pererspure —Bulletin of the Geological Commission. Vol. III, Nos.6—7. 8° St. 
Petersbourg, 1884. THE Commission. 

99 Mémoires du Comité Géologique. Vol. I, No. 3. 4° St. Petersbourg 

1884. THE Commission. 

SaLEeM, Mass.—Bulletin of the Essex Institute. Vols. XV, Nos. 7—9, and XVI, Nos, 4— 
12. 8° Salem, 1883—1884. Tur InstITUTE. 
SinaaPorE.—Journal of the Straits Branch of the Royal Asiatic Society, No. 13. 8° 
Singapore, 1884. Tue Soctrery. 
SPRINGFIELD.—Geological Survey of Illinois. Vols. V—VI. Geology and Paleontology. 
8° Springfield, 1873—1875. A. H. Wortuen. 


StockHoLtM.—Sveriges Geologiska Undersokning. Ser. Aa., Nos. 88—91; Ab., No. 10, 
Ba., No. 4; C., Nos. 61—64 and 66. 8° and 4° Stockholm, 1883—1884, 
GzoLtogicaL Survey, SWEREDEN. 


SrouTra art.—Jahreshefte des Vereins fiir vaterlandische Naturkunde in Wiirttemberg, Jahrg. 
XXXVII—XL. 8° Stuttgart, 1881-84. 


SyDNEY.—Transactions of the Royal Society of New South Wales for 1869. 8° Sydney, 1870. 
THe SocrEry. 


Tox1o.—Transactions of the Seismological Society of Japan. Vols. I, pts. 1—2, II, V, VI, 
and VII, part 2. 8° Tokio, 1880-84, 
Toronto.—Proceedings of the Canadian Institute. Vol. II, No. 3, 8° Toronto, 1884. 
Tax INstiITUTE. 


Virnwna.— Verhandlungen der k, k. geologischen Reichsanstalt. Nos. 16—18 (1884) and 


Nos. 1—2 (1885). 8° Wien, 1884-85 THE INSTITUTE. 
WasHineton.—Annual Report of the Board of Regents of the Smithsonian Institution for 
1882. 8° Washington, 1884, THE Institute. 

” Report of the Commissioner of Agriculture for 1883. 8° Washington, 1883. 
CoMMISSIONER OF AGRICULTURE. 

” Smithsonian Contributions to Knowledge. Vol. XVIII. 4° Washington, 

1873. « THe InstitoTs. 

” Smithsonian Miscellaneous Collections. Vol. XVI. 8° Washington, 1880. 

Tue InsrirurTs. 

0 United States Geological Survey. Mineral Resources of the United States, 


By Albert Williams. 8° Washington, 1883. 
Unirep States GroroaicaL SURVEY. 


MAPS. 


Geological and topographical map of the oil lands of Japan. By Benjamin Smith Lywau, 
1882 Tax AUTHOR. 


April 11th, 1885. 
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Notes on the Geology of tke Andaman Islands, by R. D. Oupnam, A.R.S.M. 
Geological Survey of India. (With a map.) 


The Andaman Islands form a small group extending in a nearly north and 
south direction, between the parallels of 10° 30' and 13° 30’ 
Be ye dao and gene- Worth Latitude; they, or at least the four or five northern 
islands, form a range of low hills which, if we look merely 
to the height above sea level, nowhere rise to more than 2,500 feet, but if we 
regard the continuation of the land slope into the sea on either side, rise to the 
very respectable elevation of over 9,000 feet. They are described in the report of 
the Andaman Committee, where it is stated that ‘‘the highest land wherever secon 
is on the eastern side,” and that “the watershed is therefore chiefly towards tho 
west, and consequently it is on that side of the island that the marshy locali- 
ties will most probably be found.” The first statement is true enough, but I very 
much doubt the accuracy of the second. In the South Andaman the greater 
part of the drainage flows into the creeks, which ultimately lead off to the eastern 
shore, and on the Middle and North Andaman, where the crecks are not to be 
found, the bulk of the drainage seems to flow through gaps in the eastern range. 
2. Though the various publications, papers. and notes referring to the Andaman 
ace, Sia, Islands would make a lengthy list, there are but few among 
Helfer. * them which contain any references to the geology of the 
“Islands. The first of these, arranging them according to 
their dates, is to be found in the journals of Dr. J. W, Helfer,! who visited the 
islands in 1840. His journal, which is all that remains, for he was killed by the 
Andamanese, contains but few references to geology. He visited one of the islands 


1 Dr. Johann Wilhelm Helfer’s gedruckte und ungedruckte Schriften tiber die Tenasserim 
Proviuzen, den Mergui Archipel und die Andamanen-Inselu. Mittheil.k.k. Geogr. Gesellechaft, LIE 
pp. 166--390 (1859). 
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of the Archipelago (probably Outram Island) and a small island which seems te 
have been the Middle Button, sailed through Homfray’s Strait? and then round 
the north of the island till he was killed on the east coast, either at Cadell Bay 
or some spot in that neighbourhood. The only geological observations refer to 
the Archipelago and the Middle Button, the rocks of which he classes as 
‘* Quadersandstein.” 

The next reference I can find is contained in a pamphlet by a Mr. J. H. 
Quigley,? who visited Interview Island in a schooner called 
the Sea Serpent, which had been chartered by a friend of 
his to recover what was worth saving from the wreck of the barque Emily. His 
account has been stigmatized by Dr. Monat as only worthy of a Munchhausen, 
but, though abundantly adorned (P) with what are meant for rhetorical flourishes 
which, however, give place to a more moderate tone when speaking of what he 
actually saw, it is far more entertaining, and, as subsequent knowledge has 
shown, more trustworthy on the whole than the dreary pages of the learned 
doctor’s ponderous tome, Mr. Quigley’s “geological observations” are just 
such as a man ignorant of geology might well bave made, but such as he could 
not possibly have invented ; all that can be made of them is that the greater part 
of Interview Island consists of sedimentary formations, but that the extreme 
west (sic in original, probably a misprint) is composed of igneous rocks described as 
“granite and greenstone,” terms that may safely be translated diorite and serpentine. 

The report® of the Committee appointed in 1857 to select a site for a penal 
settlement in the Andamans, contains but one single obser- 
vation bearing on geology; in paragraph 41 it is stated 
that limestone “ of the finest quality ’’ is obtainable on a promontory a few miles 
north of Long Island. 

Prefaced to a report on the vegetation of the Andamans by Dr. Kurz are 
some notes on the geology or more properly petrography 
of the South Andaman; he also gives some important 
observations as to the recent sinking of the islands, to which I shall refer later on. 

In 1868, a short note by Dr. Stoliczka* was read before the Geological Institute 
eee. of Vienna; being merely an extract from a private letter 

it does not contain any detailed observations, but refers to 
the general question of the correlation of the beds seen near Port Blair, to which 
he ascribes an eocene age. 


Quigley. 


Andaman Committee. 


Kurz. 


2 As this is, so far as I know, the only instance of these straits having been navigated by any- 
thing larger than a steam launch, it may be interesting to give the reasons on which I base this 
supposition ; they are as follows :—(1) Sailing “north-westwards” from the Button he passed 
through a group of islands and found himeelf almost shut in hy Jand; (2) te mentions very rapid 
currents in the straits ; and (3) he describes the western outlet as also @urrounded by islands with a 
very narrow passage out to the west. All these three fit in with Hemfray’s Straits, while none of 
them would be applicable to the Middle Straits (Helfer, loc. cit., pp. 384—3885). 

2 Wanderings in the Islands of Interview (Andaman), Little and Great Coco, Pmpht., Moul- 
mein, 1850. 

2 Selections from the Records of the Government of India, No. 25, pp. 4-—28 (1859). 

* Die Andamanen Inseln, Assam, u. s. w. (Aus einem Briefe an Herrn Director v. Haeur, de 
dato, Calcutta, 80th Marz) Verhand. %.k, geol. Retchsanstalt., No.9, p.192 (1868). 
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In the Transactions of the Ethnological Society for 1869 there is a note’ on 
the Andaman Islands by Lieutenant §. A. St. John, which 

paces contains some petrographical statements; he went on a 
trip in the §. S. Diana to search for limestone, and mentions the occurrence on 
the shore west of Long Island of what proved to be “ tho common igncous rock of 
former acquaintance,” which, from its “light colour,” might have been takon 
for limestone by one who had not landed to examine it. I cannot understand this 
sentence ; can he have hit upon one of the pale clays, locally indurated, of the 
Archipelago series ? 

The Proceedings of the Asiatic Society of Bengal for 1870 contain another 
paper* by Dr. Stoliczka on the Kgikkenmiddings of the 
Andamans which contains a passage referring to the possi- 
bility of recent changes of level in the islands. 

The Journal of the same Society for that year contains two papers * by Mr. V. 
Pall “Ball on the geology of the vicinity of Port Blair and of 

; Nancowry Harbour, in which he gives some geological 
details and essays to correlate the rocks of the Andaman and Nicobar Islands, 

Since this date I know of nothing further relating to the geology of the 
Andamans until the recent publication of two* notices by 
Mr, F. R. Mallet in the Records of the Geological Survey 


Stoliczka, 


Mallet. 


of India. 

Passing now to my own observations, I can only distinguish with certainty 

scdisnoaitary fesmattbie two sedimentary formations in the Andaman Islands, 
"which I propose to call the Port Blair and Archipelago 
series respectively. 

The Port Blair series consists principally of firm grey sandstone and inter- 
bedded slaty shales, not unfrequently containing nests of 
coaly matter, and, occasionally, beds of conglomerate and 
pale grey limestone as subsidiary members, The sandstone is the characteristic 
rock of the series, it is generally if not always non-calcareous and is easily recogs 
nized, where exposed between tidemarks, by its peculiar mode of weathering : 
owing to irregular distribution of the cementing material, bosses of harder stone 
are left standing up above the general level of the rock, and these bosses are in- 


variably irregularly honeycombed by the solvent action of the sea water. 


Port Blair series. 


1 Notes on the Andaman Islands by Admiral Sir Edward Belcher (from notes by Lieutenant 
8. A. St. John, H. M.’s 60th Regiment). Trans. Hihnol. Soc. (new series), V, pp. 40—49 
(1867). 

2 Note on the Kgikkenméddings of the Andaman Isiands, by Dr. F. Stoliczka. Proc, de?8oc. 
Bengal, 1870, pp. 13-28. 

* Brief notes on the geology and on the Fauna in the neighbourhood of Nancowry Harbour, 
Nicobar Islands, by V. Ball, B.A., Geological Survey of India. Journ. As. Soc., Bengal, XXXIX, 
pp. 25—27 (1870). Notes on the geology of the vicimty of Port Blair, Andaman Is)ands, by 
V. Ball, B.A. Geological Survey of India. <éhid, pp. 281-243 (1870), 

* On Native Lead from Moulmein and Chromite from the Andaman Islands, by F R. Mallet, 
Deputy Superintendent, Geological Survey of India. Rec. G.&.J., Vol. XVI, 2083 (1883). On 
some mineral resources of the Andaman Islands in the ocighbourhood of Port Blair, by F. R. 
Mallet, Deputy Superintendent, Geological Survey of India. Rec. G.8.I., Vol. XVII, pp. 79-~86 
(1884), 
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In several places I fonnd red and green jaspery beds very similar to what 
occur in Manipur and Burma, but I was unable to deter- 
mine whether any of these belonged to an older series or 
no. In part at least they seem to belong to the same series as the sandstones and 
shales, in the midst of which they may be found cropping out, but it is by no means 
impossible that some of them belong to an older series, for, on the east coast of the 
South Andaman, close to the boundaries of the serpentine south of Shoal Bay, 
I found great banks of conglomorate containing pebbles of similar jaspery rock ; 
it is of course possible that this conglomerate is newer than the sandstone, but the 
fact that, though found close to the serpentine, it contains no pebbles of that rock, 
indicates that it is probably of earlier date than the serpentine intrusions, and 
consequently probably of the same age as the Port Blair series. 

On Entry Island and again in a small bay, not marked on the marine 
chart, immediately south of Port Meadows, I found beds 
of volcanic origin. In the middle of the small bay just 
mentioned a square rock composed of a breccia of pale-green felsite cemented 
by a matrix of felsitic ash stands out of the water, and on Entry Island, among a 
series of rocks indurated and contorted so as to baffle description, there are some 
beds full of angular fragments, and apparently of volcanic origin. The age of 
these is difficult to determine; they seem to pass northwards into beds among 
which jaspery slate and limestone are to be found, and at the northern extremity 
of the island there is some intrusive serpentine, but at the southern end of the 
island near the top of the section, if I read it aright, 1 found in a bed of sandstone 
an isolated boulder, about a foot long, of a serpentinous rock, evidently derived 
from the serpentine intrusion. On the whole, it is probable that these sre 
of later date than the Port Blair sandstones. 

Before passing on to the next series, I must mention one very peculiar rock 

which is exposed on Chatham Island, and which I have 
a not seen elsewhere. On the south shore of the island, 
immediately east of the saw-mill, there is an exposure of sandstone, through 
which are scattered blocks of red and green slatey rock ; these, as is shown by their 
angular outline and lamination, quite independent of, and divergent from that of 
the sandstone matrix, are evidently fragments of some pre-existing rock. It is diffi- 
cult to explain their presence here; in the absence of any signs of volcanic action 
in the immediate neighbourhood, one would naturally turn to glacial agency; yet 
the apparently isolated nature of the phenomenon is against this explanation, 
while the fragments are too numerous, and scattered over too large a surface, for 
them to be satisfactorily explained by any theory of flotation by driftwood. 

The newer series, which I have called the Archipelago series, as the whole of 

, : the islands of the Archipelago are formed by it, consists 
rc ti cas typically of soft limestones formed of coral and shell-sand, 
soft calcareous sandstones and soft white clays, with occasionally a band of con- 
glomerate the pebbles of which seem originally to have been coral, though no 
structure is now discernible. These beds seem to cover a large area in tho 


1 Confer Theobald’s description of some beds belonging to the axial (triassic) group. dem. 
G, S&S. Z, Vol, X., p. 127 (1878). 


Possible older series. 


Volcanic rocks. 
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Andamans, but I shall not here enter into the discussion of their geographical 
distribution. 
On Craggy Island, I found a somewhat peculiar rock; it was a soft bedded 
very calcareous sandstone ; tho calcareous cement was ir- 
Or es aoa of Cragsy yegularly distributed, forming spheroidal masses of harder 
rock which stood out from the general surface of the cliff, 
and this, combined with strings of small pebbles scattered through the beds, gave 
the rock an appearance very much resembling that of many of the Siwalik sand- 
stones. Some of the pebbles were of serpentine, so that the rock is almost 
certainly of later date than the Port Blair series, yet it may be remarked that whore 
exposed between tide marks, the projecting bosses weather away in a mannor 
which feebly imitates the honeycombing of the very much more prominent knobs 
to be seen at Port Blair. 
There is only one other place where I have seen a similar rock in the Anda- 
mans, and that was on a rocky point a short way south of 
uM ores of Fort port Meadows. I did not here notice any serpentine peb- 
bles, but the position of the rock would lead one to asso- 
ciate it with the volcanic beds which, as I have mentioned above, are probably of 
more recent age than the Port Blair series. It is not impossible that the sand- 
stones just referred to may belong to the Archipelago series. 
The Cinque Islands consist principally of intrusive rock of the serpentine 
series, but there are also some metamorphosed and indu- 
Cingue Islands. rated sedimentary beds; of these some are siliceous, but 
for the most part they are calcareous, the most remarkable 
form being a green chloritic or serpentinous matrix with numerous granules of 
crystalline calcite scattered through it; the rounded outlines of these granules 
seem to be due to attrition, and the crystalline structure to subsequent meta- 
morphism. These rocks did not seem to me to belong to the Port Blair, but 
to the Archipelago, series, and at the first blush it would seem as if they had 
been metamorphosed by the intrusion of the serpentine; fortunately however at 
one or two places, and more especially on the eastern face of the southern island 
close to its northern end, there are exposures of a conglomeratic bed, in which the 
pebbles are of serpentine, and the matrix is fine-grained and very serpentinous. 
This conglomerate, both from its position and induration, belongs to the same 
series as the other sedimentary rocks of the island, and proves that they are of 
later date than the serpentine intrusion, and that in all probability their metamor- 
phism is due to the contortion they have locally undergone. The conglomerate 
just mentioned is a curious bed, not of the type commonly known as conglomerate, 
but exhibits that structure, usually considered due to the action of floating ice, 
which is seen in the boulder bed of the Talchirs, or the Blaini conglomerate of the 
Himalayas. The matrix is, or rather was originally, a fine mud or clay, and 
through it the pebbles are scattered, not touching each other, but each isolated 
in the matrix; I have seen a similar bed of presumably the same age, though 
showing no signs of alteration, in a very similar position to the east of the Nijaong 
village in the harbour of Nancowry, but here the fragments were angular, not, as 
on the Cinque, rounded in outline, 
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As regards the intrusive rocks of the Andamans J have little to say; they are 
ieee similar to those of Manipur and Burma to the north and 
; of the Nicobars to the south, and, as far as I could judge 
from the manner of their occurrence, of certainly later date than the Port Blair 
series, the only section which seems to throw any doubt on this conclusion being” 
that described above of the sandstones on Craggy Island. I have followed my 
predecessors in calling these rocks serpentine, that being the most prominent or 
remarkable form which they take, but they not infrequently pass into erystalline 
diorite or gabbro. 
It may seem strange that, before passing on to consider the correlation of 
se these series, it should be necessary to discuss whether 
Peat distinct forma-  shoey really belong to distinct formations, or are merely 
local petrological variations of each other, but, as will 
presently be seen, such is the case. As regards the Andamans, I have no doubt 
that they are really two distinct formations, for in degree of induration and 
mineralogical composition they are as contrasting as could well be, nor have I see 
any signs of transition from one type to the other (if we except the sandstones of 
Craggy Island) and in the Middle Andaman, where I saw the soft limestones of the 
Archipelago, and the hard grey sandstones of the Port Blair series within a few 
miles of each other; they each maintained their especial characteristics unchanged. 
While if my identification of the altered sedimentary rocks of the Cinque Islands 
with the Archipelago series is correct, they must be two distinct formations, one 
older, the other newer, than the serpentine intrusions, 
In investigating the homotaxis of these beds, we may approach the ques- 
. tion from three points of view, and determine the age of 
Homotaxis of thebeds. 41,4 beds either by the internal evidence of fossils, by jon 
necting them with the known rocks of the Arraean Yoma, or by connecting them, 
through the Nicobars, with beds of known age in Java. 
As regards the first, we have nothing beyond Dr. Stoliczka’s statement that 
Fossils he observed “at the north-east end of Ross Island severat 
j specimens of a Pecten, a small Cytherea-like shell, and 
fragments of Oysters, which fossils prove that the deposits are marine, and the 
aspect of these fossils is undoubtedly a tertiary one.’’ I regret to have to say that 
though I searched the locality mentioned, I did not succeed in finding, either 
there or elsewhere, any trace of a fossil other than a few fragments of lignite. 
In attempting to ascertain the age of the Andaman rocks by tracing them 
Relations with the southwards through the Nicobars, we are at once landed 
Nicobar beds. into a difficulty through a conflict of authorities.* 


2 Journ. As. Soc., Beng., XXXIX, p. 281 ( footnote), 1870. 

2 Die Nicobarischen Inseln. Eine geographische Skizze, mit specieller Beréeksichtung der 
Geognosic von Dr. Phil. H. Rink. Kopenhagen, 1847. Translated and printed in Selections from 
the Records of the Government of Indie, LEXVII, pp. 109-159. 

Beitrage zur Geologie und pbysickalischen Geographie der Nicobar Inseln.—Geologischen 
Beobachtungen von Dr. Ferdinand von Hochstetter. Rewe der daterreichischen Fregatte Novara 
um die Erde in den Jahren 1857, 1858, 1859. Geologischer Theil, II, pp. 85—112 (Wien. 1866), 
Translated and printed (in part), Rec. G. 8. I., IV, pp. 69—78 (1870). Reprinted Selections from 
the Records of the Government of India, LXXVII, pp. 6—229. 
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For our information as to the rocks of the Nicobars, we have to rely almost 
entirely on the published papers by Drs. Rink and Hochstetter. The former of 
these describes the rocks of the Nicobars as belonging to three distinct formations, 
classed in order of their ages as (1) the brown coal formation; (2) tho 
Plutonic rocks ; (3) the older allavium. The brown coal formation is contined to 
Katchal and the southern islands, while the “older alluvium” is only found on 
the islands of Nancowry, Trinkat, Camorta, and thoso to the north. Dr. F. von 
Hoschstetter, on the other hand, maintains that the “ brown-coal formation” and 
the “older alluvium” of Rink are but petrologically different products of the 
same period of deposition, and that they are both of later date than the serpentine 
intrusions. 

In his note on the geology of the neighbourhood of Nancowry harbour,' Mr. 
V. Ball states it as his opinion, that the sandstones of Rink are the same as those 
of Port Blair, but does not attempt to decide between the widely divergent 
opinions of Rink and Hochstetter. 

In discussing this subject I may begin by stating it as my opinion, derived 

eG ld aitaslaaw ok from personal examination of both, that the “ Older allu- 
Rink represents Archi- Vium” of Rink, and my Archipelago series, arc most indu- 
pelago series. bitably of the same age. As Mr. Ball has pointed out, 
Rink’s name is utterly inappropriate if the word alluvium is to have any fixed 
value whatever in geology; the beds of which it is composed have been contorted 
and disturbed, and occasionally may be seen tilted onend. They are undoubtedly 
of later date than the serpentine intrusion, and agree very closely in petrographical 
characters with those of the Andaman Archipelago, even to the occurrence of clays 
containing polycistincs in both regions and of iron sand on the Car-Nicobar, while 
iron sand was noticed by Dr. Helfer on the Middle Andaman, and is also found 
on Havelock Island.* . 

As regards the sandstones, the matter is not so easily settled ; if Dr. Rink has 

: ; correctly determined the relative ages of the sandstones 
Rae ce a and the serpentine intrusions, Dr. Hochstetter must neces- 

sarily be mistaken in supposing that they are merely 
petrographically different members of the same series as the soft calcareous and 
argillaceous beds of the so-called older alluvium. The only direct evidence which 
Dr. Rink adduces as to the relative ages of the sandstones and the serpentine 
series is a section® on the western side of Teressa Island, where he saw a small 
patch of the sandstone, of the same type as that of the southern islands, only 
slightly hardened by the plutonic rocks which form veins in it. Here everything 
depends on the correctness of the correlation of this sandstone with that of the 
southern islands, a correlation which is certainly supported by Mr. Ball’s identi. 
fication of the latter with the sandstones of Port Blair. The latter observer gives 
no reasons, beyond the presence of fragments of driftwood and impressions of 


1 Brief notes on the Geology and on the Fauna in the neighbourhood of Naneowry Harbour, 
Nicobar Islands, by V. Ball, B.A., Geol. Surv. of India. Journ. ds. Soc., Beng., XX XIX, pp. 25—387. 

2In the first and last case, and presumably in the second also, the go-called “iron sand” was 
magnetic oxide of iron ; for a reference to the Havelock Island sand, see Rec. G. S. Z., Vol. XVIII, 
88 (1884). 

® Dic Nikobarischen Ingeln, p. 56. Selections from the Records of the Government of India, 
LXXVII, p. 180. 
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plants resembling fucoids in both, for the identification, though it was presumably 
based on personal observation. On the other hand, there are not wanting indica- 
tions that both these observers may have been mistaken, for Dr. Rink’s descrip- 
tion of the sandstones of the Little Nicobar, which he takes as the typical expo- 
sure is certainly very unlike that of any beds I know in the Port Blair series; he 
describes’ both sandstones and interbedded clays as calcareous, and particularly 
mentions that the former were soft, and that the calcareous matter is irregularly 
distributed, forming spheroidal masses of harder rock which are left projecting 
from the general surface of the cliff—in fact the description agrees in every parti- 
cular, except the absence of pebbles, with the sandstones on Craggy Island, 
in which I found pebbles of serpentine and which are consequently almost 
certainly of later date than the Port Blair sandstones. The whole question is 
shrouded in difficulty and will not be answered satisfactorily without a systema. 
tic survey of the islands. 

Passing southwards into Java and Sumatra, there are intrusive serpentine 
and soft white clays identical with those of the Nicobars. 
Dr, Hochstetter® describes the sedimentary series of Java 
as consisting of (1) a lower coal-bearing group of quartzose 
non-calcareous sandstones and slate clay with seams of workable coal, in which 
marine fossils are very rare or absent; (2) an upper group of soft calcareous sand- 
stones, plastic clay slates, and argillaceous marls with trachytic tufas conglo- 
merate and breccias, containing numerous marine fossils and fragments of drift 
wood, but no workable coal. These rocks were originally classed by Hochstetter® 
as eocene, on account of the supposed discovery of nummulites in them, but ac- 
cording to Von Richthofen, * the so-called nummulites are in reality orbitolites, and 
a collection of fossils from the upper beds was examined by Mr. Jenkins, ® who 
pronounced them to be of miocene, or later age. The lower series may be dis- 
tinct from the upper, and of eocene age as Ir. Hochstetter supposes, and in that 
case is very likely a representative of the Port Blair series. 

In tracing the Andaman rocks northwards to Burma, we have little difficulty 

: in identifying the Port Blair series with the Negrais rocks 
ary ee cig of Theobald.6 Not only do they resemble each other in 
the petrographical features and relative proportions of 


1 Die Nikobarischen Inseln, p. 43. Selections from the Records of the Government of India, 
LXXVII, p. 126. 

9 Geologische Ausfliige auf Java. Reise der dsterreischen Fregatte Novara um die Erde in 
den Jahren 1857, 1858, 1859, Geologischer Theil Band II. Geologische Beobachtungen von 
Dr. Ferdinand von Hochstetter, pp. 118—152 (Wien 1866). 

8 Nachrichten tiber die Wirksamkeit der Ingenicure fir des Bergwesen in Neiderlandisch— 
Indien. Von Dr. Ferdinand Hochstetter. Jahrbuch. K, EK. Geol. Reichsanstalt IX, pp. 277— 
294 (1858). 

4 Bericht tiber einen Ausflug in Java. Zettschrift dor Deutechen Geol. Geectischaft XIV, pp. 
827—356, 1862. 

Uber das Vorkommen von Nummulitenformation auf Japan und den Phillipinen. did. 
357— 368. : 

5 On some Tertiary Mollusca from Mount Sela in the Island of Java, by H. M. Jenkins, Haq., 
¥. G. 8., with a description of a new coral from the same locality, and a note on the Scindian fossit 
corals by P. Martin Duncan, M. B., F.G.5. Quart. Journ., Geol. Soc., XX, pp. 45-—73 (1964). 

* Mem. G. 8. I, Vol. X, 110—128 (1878). 


Relations of Anda- 
man and Javan beds. 
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their individual members, but the peculiar mode of weathering where exposed be- 
tween tide marks, which I have remarked in the former, is matched by the sand- 
stones of the Negrais group, which have been described as usually presenting, when 
seen on the sea beach, a—‘ honeycombed or cancellated appearance, the result of a 
peculiar mode of weathering.”! Unfortunately the age of the Negrais rocks can- 
not be determined with accuracy, but they are believed to underlio and be asso- 
tiated with some beds of known nummulitic age, so that wo may class tho Port 
Blair rocks as eocene or slightly older. 

Thus, whatever line we follow, we are brought up to the same conclusion, 
vtz., that the Port Blair series is probably of enrly tertiary, 
or possibly late cretaccous age, and by tracing them south- 
wards, we find that the rocks of the Archipelago series aro probably of miocene 
age or even newer. ‘ 

Since the publication of Kurz’s Report on the vegetation of the Andamans, it 
has been an accepted fact that the Andaman Islands are, 
and have been, during recent times, undergoing snb- 
sidence. It was difficnit to conceive how this could be the case, for the Arracan 
coast to the north and the Nicobar Islands to the south, between which the Anda- 
mans form the connecting link, are both fringed by raised beaches which show 
that they have recently been elevated, but the observations recorded by Mr. Kurz 
were so unanswerable that they were allowed to override 
the argument from analogy. Mr. Kurz’s conclusions wero 
based principally on the fact that he found the stumps of trees, belonging to 
species which only grow above high-water mark and beyond the reach of salt- 
water, in the mangrove swamps and on the sea shore, while, as corroborative evi- 
dence, he adduces the facts that according to the report of the Andaman Committee 
the sea had encroached some 40 or 50 feet since the first settlement on Chatham 
Island, Port Cornwallis, and that ‘‘ Lieutenant Jameson of Chatham Island has 
informed me that a similar encroachment of the sea is taking place at that 
Island in Port Blair.” As regards the latter point, there is no evidence that, 
the “encroachment ”’ of the sea at Port Cornwallis was due to subsidence, andl 
as far as can be judged by the lithograph in the report of the Andaman Com- 
mittee, and the woodcut in Dr. Mouat’s book, both taken from a photograph, [ 
should be inclined to look upon it as a case of encroachment by erosion of the sen 
shore and not by subsidence. The evidence of the trees is, however, almost con- 
clusive, for the only explanation possible, apart from an outward set of the soil to- 
wards the sea, such as is known to take place under certain circumstances, is that 
the land is sinking, and I can myself produce an observation which supports this 
conclusion. The large bay on the north-east coast of Havelock Island is for the 
most part fringed with low lying land, next to the beach this rises some 4 or 
5 feet above high-water mark, but in many places behind this it sinks to form 
a hollow, and then rises again to the same level as the outer ridge, or rather 
higher. The whole of this low land is covered with forest, but wherever there is 
one of the hollows just mentioned, there the forest trees are all dead, and the soil 
is often moist with salt-water; the soil of these low lying patches must have once 


1 Loc, cif, p. 117. 
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been dry, like that where the forest is still growing, and the uniformity in size of 
the dead and the living trees shows that in all probability several generations have 
lived and died on rise and in hollow alike, until, as the land gradually subsided, the 
sea- water rose in the soil of the hollows and the trees succumbed to its fatal influence. 
We may therefore take it as proved that the Andamans are at the present day 
; gradually sinking, but there is ample evidence in the raised 
Porat tas South beaches that eine the shores of the Andamans, that in 
the immediate past elevation has exceeded subsidencc. 
These raised beaches have not, so far as I know, been mentioned by any previous 
observer, but are conspicuous enough, especially on the islands of the Archipelago- 
At Port Blair itself there is a small terrace at the north-eastern corner of Chatham 
Island ; it has been enlarged artificially to form a site for the bungalow of the 
officer in charge of the island, but appears to be in part a raised terrace of marine 
erosion. A similar terrace may be seen north of the harbour where the road from 
North Point to North Corbyn’s Cove runs in places on a terrace separating the steep 
hill side from the sea shore. In a small cove east of Perij, on the southern side 
of Shoal Bay, there is a narrow terrace, clothed with forest, from whose inner limit 
the hill rises in a bare, almost vertical, face of rock which could not have been 
formed, in this position at least, by any other means than marine denudation. 
Along the east coast of the South Andaman this raised beach can be seen forming 
a terrace, from a few yards to over half a mile in width in almost every bay. Apart 
from the theory that it is raised sea beach, the only one supposition on which this 
terrace could be accounted for is, that it is due to a gradual encroachment of the 
land on the sea, either through the action of vegetation in catching the wind-blown 
sand, and so raising the surface above extreme sea-level, or by the action of the waves 
which during storms might throw up sand and shingle far above the level which the 
sea would otherwise reach ; the first supposition is inconsistent with the fact that 
shells and fragments of coral of considerable sizqa may be found lying about on the 
forest-clad surface of the terraces in positions where they cannot be accounted for by 
either human or crustacean agency, while the facts that the forest trees are as large 
and old on the extreme edge of the terrace as further inland, and that the seaward 
margin often cuts into a miniature cliff of 3 or 4 feet high, is everywhere fringed with 
fallen and falling trees and tangles of roots from which the soil has been washed 
away, conclusively prove that so far from there being any extension of the land 
surface, it is being encroached upon by the destructive action of the waves. 
The terrace is well developed in the Andaman Archipelago, especially on the 
west coast of Havelock Island, where the hills rise with a precipitous face out of 
: the forest, being now separated from the sea by a stretch 
ha 3, of dry land ; but at one place, where the sea has cut away 
this terrace and formed a low cliff, a bank of coral and 
shingle, evidently of littoral origin, was seen resting on soft calcareous sandstone, 
well above the reach of even the highest tides. 
The beach I have described is everywhere low, and not more than 6 to 8 feet 
above mean sea-level, but there are indications of a terrace 
ee and Lawrence of marine erosion, corresponding to that seen on the Car. 
Nicobar and elsewhere at about 30—40 feet above thesea ; 
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both Outram and Lawrence Islands, and a large part of the other islands of the 
Archipelago, are low and flat-topped in outline, so that it would seem that they 
were plateaux—old plains of marine denudation. 
There is not wanting evidence that the depression of the island, which is going 
Commencement of de- 0” atthe present time, has but recently commenced, for the 
pression being of recent kitchen-middens of the Andamanese are in positions where 
one: a very slight subsidence would submergo them, and the 
time that they represent may be understood by the section of one which I examined 
near Port Mouat; it was 12 feet in thickness in the centre, and in this thore 
was a bed 1 foot 6 inches thick of vegetable mould, with shells scattered through 
it, marking a period when generations of shrubs and plants must have lived and 
died while the midden was abandoned, or only occasionally visited, This was 
doubtless started on a rock rising among the mangroves and gradually oxtended 
on to the mud; and it is a noteworthy fact that the surface of the mud under tho 
shells does not appreciably differ from the general level of the mud outside. It 
shows that at a time when probably not one-sixteenth of the present bulk of the 
midden had accumulated, the level of the mangrove swamps was very nearly what 
is now. Had the sol surrounding the rock on which the midden was started been 
well clear of the influence of the tides, it would certainly not have supported a 
growth of mangrove, and so far as my experience has shown me, would conse- 
quently have been of a very different character to what is actually found, while, 
had the surface of the mangrove swamp stood much lower than what it now is, the 
mud woulé certainly have risen above what was the base of the kitchen-midden 
in its earlier stages; in other words the surface of the mangrove swamp was 
then very nearly at the highest level it could reach, and as this is limited by the 
height to which the tides rise, it shows that during the time represented by 
the formation of this midden—a period which must be measured by centuries, if 
not by tens of centuries—the land has not appreciably altered its level relatively 
to the sea. 


Nors.— On the map, I have incorporated Mr. Kurz’s observations in part, but have not follow- 
ed his maps in extending the Port Blair sandstones to the western shore of the Islands, as I feel 
sure that the rocks there must be largely of later date; I have coloured the islands off the two 
entrances to Homfray’s Straits from information derived from Dr. Helfer’s Diarics. Iuterview 
Island, I was informed by Mr. H. Godwin-Austen, is composed of the same rocks as are seen at 
Nancowry, and the two Sentinel islands have been described to me ns being composed of coral ; this, 
as I found from experience in the Nicobar Islands, almost certainly refers to the fantastical 
weathering of the limestones of the Archipelago series. 


Note on a third species of Merycopotamus, by R. Lypexker, B.A., F.G.8., F.Z.S. 


Among the collection presented to the British Museum by Mr. Charles Falconer 
on the death of Dr. Falconer, the writer has recently identified the tooth from 
Kushélgarh near Attock noticed in ‘ Falconer’s Paleontological Memoirs,’ Vol. I, 
p- 416, under the name of Merycopotamus nanus, and also the two smaller teeth 
noticed on the preceding page under the name of Tapirus pentapotamia. As 
these specimens are undoubtedly the property of the Geological Survey of India, 
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the Director of the British Museum has consented to their transferenee to the 
Indian Museum. 

With regard to the Merycopotamus tooth, which is the third right upper true 
molar, there can be no doubt of its specific distinctness from M. dissimilis and M. 
nanus, Lydekker,} both on account of its inferior size, and marked difference iu 
structure. Its length is 0°75, and its width 0°8 inch; and the external surface 
of the outer columns is less inwardly incliped, thus causing the tooth to assume a 
character more approaching that of Cheromeryx, which the writer * is now inclined 
to regard as allied to Dichodon: the present specimen thus indieating an affinity 
between the latter and Merycopotamus. It is intended to figure the Kushflgarh 
Merycopotamus tooth in the Introduction to the 3rd volume of the 10th series of 
the ‘ Paleontologia Indica’; and the specific name M. pustlius is proposed for it. 

The two small teeth noticed by Falconer as Tapirus pentapotamie are the 
fourth upper premolars of both sides belonging to the same individual as the 
upper true molar noticed by Falconer in the same passage and figured by the 
present writer in the ‘ Paleontologia Indica,’ ser. 10, Vol. ITI, pl. VITI, fig. 17, 
under the name of Listriodon pentapotamice (Falc.). 


Some observations on Percolation as affected by Current, by H. B. Mrpuicort, M.A., 
Geological Survey of India. 


Ina previous paper (supra, XIV, p. 228), in discussing the possibleavater-head 
available for artesian sources in the Gangetic plains, I quoted an observation by 
Lieutenant W.E. Baker (one of the early collectors of Siwalik fossils, afterwards 
Sir W. E. Baker), showing a striking apparent defect of percolation m very 
coarse deposits close to a great stream. The passage is as follows :—“ An account 
is given by Lieutenant W. E. Baker (Engineers) of the sinking of a well at 
RayanwéAla, near the base of the Siwaliks. It is 3 miles below Hatnikand, where 
the deposits terminate within the open gorge of the river, but the elevation is 
still 1,052 feet. The surface is less than 10 feet over the water in the river, and 
enly 60 yards from the edge, but the well was sunk through boulders gravel and 
sand for 60 feet without finding water. Lieutenant Baker mentions the fact as 
an anomalous instance of the impermeability of the coarse river deposits at this 
spot, contrasting it with what takes place in similar deposits of the bhdbar east 
of the Ganges, as already noticed. This is of course an erroneous impression : 
there is a deep and rapid current in the Jumna at RéyanwéAla, and the traction of 
the stream does not give any particle of the water time to change its course and 
sink into the ground. The case is very different for small streams spreading out 
over the surface,” 


? “Geol. Mag.’ dec. 8, Vol. I, p. 545 (1884). The name Wf. sanus bad been applied by 
Falconer in M.S. (vide Pal. Mem., Vol. 31, p. 407) to this species, befere he applied it to the 
Kushdlgarh specimen, which he evidently regarded as distinct. "When the collection of Kushé]garh 
specimens were returned to India, a label bearing the name M. nanus was attached to a tooth 
1eferred to Doreathertum (ude ‘Palsontologia Indica,’ ser. 10, Vol. I, p. 62 [44],) and the 
present writer naturally thought that Falconer had made a wrong generic identification. 

3 Fide ‘Geol. Mag.’ dec, 3, Vol, 11, pp. 72-—73 (1885). 


Part 3.] Mepuicort: Sume observations on Percolation. 147 


Several friends who ought to know, expressed doubts that the reason her egiven 
by me was in any degree valid; so not being able to find an authority on the subject, 
I have attempted an appeal to experiment, with Mr. Mallet’s assistance. In the 
bottom of a small wooden conduit, about 5 feet long, a rectangular hole was cut, 
3 inches long by 1 inch broad. This was lined with sheet-tin, projecting below 
into a much larger tin box attached to the board, with openings along its upper 
margin for the escape of water. The hole was then packed with shot, flush with 
the bottom of the conduit, and up to the level of the openings in the box bencath. 
Arrangements were made to give a succession of fixed slopes to the conduit, and to 
measure the discharge from percolation in equal periods under the different condi- 
tions. From still water with a depth of about 1 inch tho percolation was 1,045 
grammes in 30 seconds. The comparative results are given m the following 
table :— 


Statement showing percolation as affected by current. 
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The experiments were no doubt rough, but it can hardly be questioned that 
they give a true indication of what occurs, showing very decided reduction of 
percolation with increase of current. The loss is nearly 20 per cent. with a slope 
of 25 feet to the mile, which is about that of the stream at Raéyanwala. Although, 
however, the interpretation I gave of the supposed anomaly is thus shown to have 
but partial application, the main cause must be rather the reverse of that suggested 
by Lieutenant Baker. We musi assimilate, rather than contrast, the conditions at 
Rayanwala with those of the bhdbar streams. The percolation downwards is so 
free and rapid that laterally it does not extend to a distance of 170 feet at a depth 
of 50 feet below the level of the stream ; and the slope of percolation must be more 
than 1 in 3°4. 

In support of this view I may refer to the instance given in the same paragraph 
of the paper under reference, of a well at the head of the bhdbar, near Mohan. 
Although within a short distance of the Kotri rau (torrent), allthe dry-weather 
drainage of which sinks into the gravel, water was only found in the well at a 
depth of 200 feet. 
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Notice of the Pirthalla and Chandpur Meteorites, by H. B. Mepuicort, M.A, 
Geological Survey of India. 


In 1863 a requisition from the British Museum, respecting the collection of 
aerolites which may be procurable in the British domimions abroad, was for- 
warded by the Secretary of State for India to the Government of India, and was 
issued by it to the Provincial Governments for disposal. On the representation 
of Dr. Oldham in 1866, that this order was lable to be misunderstood, to the 
detriment of the very fine collection of meteorites in Calcutta, the Governor 
General in Council was pleased to approve, for general adoption, the recommenda- 
tion that all meteorites should be sent to the Calcutta Museum, and suitable 
samples be forwarded thence to the British Museum. During the twelve years 
following this order, up to the end of 1878, specimens more or less complete of 
11 falls were received, and samples of all were duly sent to London. For years 
after none were seen or heard of till 1884, when official notice came of the 
Pirthalla fall, but without any hint of compliance with the order regarding 
the disposal of such objects, although it was of course still im force. It was plain 
that the rule had passed out of recollection, as is so generally the case in India 
with matters that are not of almost routine occurrence, owing to the so frequent 
changes in the personnel of every office. A renewal of the order was therefore 
sought for and obtained, of which these two meteorites are the first-fruits. 

Pirthalla: No, 189 of the Indian Museum collection.—This is a village in the 
Barwala tahsil of the Hissar District in the Punjab, in about 29° Hast Longitude 
and 29° 35' North Latitude. The fall occurred at 2 P.M. on the 9th of February 
1884. The stone was received in three pieces, and otherwise damaged, having 
lost perhaps an eighth of its original bulk. The pieces weighed severally 510°6, 
425°7, and 2242 grammes, or a total of 1160°5 grammes. The specific gravity is 
3:40. The shape was roughly cuboidal with rounded edges and indented sides. 
The stone is of the most usual type, granular fracture, of light-grey colour, 
mottled pale brown. The numerous metallic grains of various size and shape 
only appear on a cut surface, being otherwise covered by a coating of the stony 
substance. This stone is rather friable. There is of course the usual film of 
fusion, of a dull black colour. The account of the fall received with the speci- 
men is as follows :—~ 

‘‘ The history of the meteorite briefly is, that it was seen to fall at 2 p.m., on 
the 9th February 1884, about 150 paces from the village of Pirthalla, P.S. 
Tohana, Hissar Division, by a sepoy on the Skinner estate and a boy of 12 years of 
age. It seems to have been red-hot when falling, and an explosion was heard while 
it was still in the air, which was followed by a report like that of a gun when it 
struck the earth, in which it was buried to the depth of 23 inches. The ground 
was hard. It was dug up immediately, and is said to have been quite cold and 
broken in two.” 

Ohandpur : No. 190 of the Indian Musewm collection—This is a village in 
the North-West Provinces, about 5 miles north-by-west of Mainpuri, in 79° 3’ 
East Longitude and 27° 17’ North Latitude. The fall occurred on the evening 
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of the 6th April 1885. The stone was received unbroken, though about one- 
fourth of the crust, and perhaps a twelfth of the original bulk, had been chipped 
off. The shape was roughly cuboidal with rounded edges and angles. Before 
cutting, the weight was 12013 grammes; the pieces weigh 6255 and 41-0 
grammes. The specific gravity is 3°25. It is oxactly of the snme type as tho 
Pirthalla stone, but not so brittle. The following isa translation of the report 
of the fall by the Native Sub-Inspector of Police :— 

“Qn 10th April, Girdhari Chaukidar, of mouzah Chandpur, which is 8 miles 
south of the police station, came and reported that four days ago, on the night 
of Monday, there was thunder and lightning which lit up the whole sky, and 
after this a stone came down, which was found next morning and weighed 1 
seer and 4 chittacks. I deputed Mahomed Hussan Khan, clerk, to fetch tho 
stone and make full enquiry into the matter. The clerk accordingly brought 
the stone to the thana. Its surface is black. It is white inside, containing shin- 
ing particles like those of sand. It is broken on two sides, which is due to tho 
fact that the villagers broke it to see what was inside before the clerk reached 
the spot. The pieces broken off could not be found. Enquiry made by the clerk 
showed that on Monday, about one-and-half hour after night-fall, heavy clonds 
came over muuzah Chandpur; that Telok Singh Thakur and Bhagga and 
Manga Chamars were busy in stacking arhar stalks in a ficld about 100 paces 
south-east of the village, and that they first saw lightning in the clouds and then 
heard a roaring thrice; that afterwards it thundered slowly and then of a sud- 
den the whole sky was lit up and a sound of something coming down (sam 
same) was heard, and subsequently the sound of a thud im the arhar field of 
Madariwala, which is one field beyond their own; that they then ran away to their 
respective houses fearing that hail was falling. As the whole affair was one of a 
surprising kind, they, on Tuesday morning, wanted to find out what it was, and 
on search, found the stone produced in Madari’s field; that it was still warm, 
and the earth below it was blackened, and a plant of arhar, on which it had fall- 
en, was scorched and broken down, but that no mischief was caused to other 
plants in the field. Other villagers also testified to these facts. I beg to for- 
ward the stone for your inspection.” 


Report on the Oil-Wells and Coal in the Thayetmyo District, British Burma, 
by R. Romanis, D. Se. 


Oil- Wells.—The oil-wells are at Padankpin,! about 8 miles from Thayetmyo, 
on the Mindén road. Of seven wells there are only three kept in repair, and of 
these only one was yielding oil at the time of my visit. The oil flows very slowly ; 
the produce is only one barrel monthly. It occurs in fissures in a hard blue shale 
(dipping 35° W.), which contains fossil marine shells, which are generally much 
decomposed by the action of water; often there is only the cast of the shell in the 
clay remaining. 

At Yenanchaung, in Upper Burma, the oil-bearing stratum is a similar blue 
shale with bands of sand, into which the oil diffuses from the shale and through 


1 Noticed by Mr. Theobald, Mem., G. 8. Z,, Vol. X, p. 847 (1878). 
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which it percolates into the wells. The shale at Padaukpin seoms almost imper- 
vious. I observed a place where the shale cropped up to the surface. It was con- 
verted superficially into clay by the action of water. The oil was found lining 
small cracks and cavities. When apiece of the shale was powdered and diffugsd 
through water the oil came to the surface in a thin film. 

A specimen of the shale was analysed and found to contain 0°16 per cent. 
of oil. 

The rocks overlying the oil-bearing stratum appear much harder than those at 
Yenanchaung. It appears to be a different geological formation, deposited under 
different conditions. A boring was put down to a great depth some years ago in 
one of the ravines to the northward. It ended in hard rock, without finding oil. 
I do not know why the place in question was selected ; the whole district 1s very 
unpromising. 

Ooal.—The coal is found in @ ravine of the south-western spur of the second or 
middle hill of the group of lime-hills south of Thayetmyo.! 

When I visited the place, an escarpment had been made along the east side 
of the gorge; at the north end a drift had been driven into the hill side through 
a hard blue shale to a depth of about 20 feet; at the end of the drift there was a 
thin seam of coal and carbonaceous shale dipping at an angle of about 30°. Below 
this another drift had been made, but had fallen in. The seam of coal is said to 
be 4 feet thick. Further south, again, a pit had been sunk to a depth of 30 feet, 
following the course of the two small seams of coal here dipping at an angle of 
75° to 80°, They are 4 feet apart at the top, but gradually approach and will 
unite probably 3 or 4 feet lower. Five or six yards further south there are seen 
two more vertical beds of carbonaceous shale. One of these is said to be the seam 
worked about 30 years ago. The traces of the old workings are now concealed 
under the rubbish thrown down from the escarpment above. The old drift is said 
to be vertically below the lime kiln on the hill side. 

The blue shale below the coal is full of vegetable remains, apparently grasses 
or reeds. Above the coal the shales appear to be unfossiliferous. Over the shales 
are rendstones. Above these, again, there is a greyish-pink limestone ; then over 
all, forming the crest of the hill, is a white limestone composed of fossil num- 
mulites and marine mollusca. 

It seems to me that the coal deposits of the Arakan Yoma have been formed 
in the swamps and lagoons of a river delta. We find similar deposits of very 
recent date in the neighbourhood of Rangoon. Thus, at Insein, a boring showed 
a thin bed of lignite. Beneath the alluvial soil on which part of the town of 
Rangoon stands, there is a stratum of decomposed vegetable matter about 2 
feet thick, thinning out and disappearing where it meets the sandstones, on 
which the cantonment stands. Above this stratum there is a fine blue clay; 
above the clay is the sandy clay of the rice-fields. We have the same order at 
each of the coal outcrops in Burma,—argillaceous sandstones, blue shade, coal. 

At Thayetmyo the deposits have evidently been formed while the land was 


® Described by Dr. Oldham, Selections from the Becords of the Government of India, Home 
Department, No, X, 1886; also by Mr. Theobald, Mem., G. &. I, Vol. X, p. 295 (1872). 
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slowly sinking beneath the sea, the limestones overlaying the shales and sand- 
stones having been deposited on a sea bottom, when the head of the Gulf of Mar- 
taban was at Yenanchaung or Sagaing. The sudden change in the angle of dip 
shows that there has been a great disturbance of the strata. 

It seems to me that the coal worked 30 years ago was a portion of the present 
4 feet seam, and that a fault runs between the main hill and the southern spurs; 
but Mr. Lewis, who is carrying on the work, seems to think that the old drift was 
driven in the wrong direction, and that he will find the seam at the bottom of 
the pit he is sinking. On this theory there should be two scams 4 feet thick, 
separated by 60 or 70 feet of shale. The question should be settled in a fow 
days.! 

It is noteworthy that a similar nummulitic coal-field by the banks of the 
Indus has just been carefully tested by boring and found to be so irregular as to 
be worthless.? 

A series of specimens illustrating the rocks at the Padaukpin and Yenan- 
chaung oil-wells and the cval-mine at the lime hill has been placed in the Phayre 
Museum. 


lst January 1885. 


Note on some Antimony Deposits in the Maulmain District, by W. R. Criper, 
A.R.S.M., F.C.S. 


From Maulmain a range of hills, called the Toungwayn, Toungmyo, or 
Amherst range, runs in a south-easterly direction through the province of Tenas- 
serim. The followimg remarks apply to that part of the range between Maulmain 
and Amherst, a distance of abont 50 miles. The range is densely covered with 
jungle, and is inhabited by a few Karens; = good road runs along its base. 

These hills are mainly composed of a hard siliceous slate, the strata of which 
are more or less disturbed, but with a general direction of north-west—south- 
east and a nearly vertical dip; mica schists also occur. Overlying both are soft 
sandstones more or less horizontal, accompanied by quartzose rocks ; while along 
the flanks and in the plains below, superficial deposits of laterite are occasionally 
met with. 

Limestone does not appear to exist in this range, but isolated hills or 
rather peaks are found near, which are rapidly disappearing through atmospheric 
denudation. The existing hills show the power of this influence in their worn 
sides and sharp angular peaks. 

The minerals oecurring in the range of hills under consideration are iron ores 
and antimony. The iron ores might be of use should coal, good enough to smelt 
them, ever be found within a reasonable distance, and English competition 


™; 


3 From recent information dated 22nd June, it would seem that the expected coal has nat 
been found. The Agent of the Murray Coal Company is, however, persevering with the explora» 
tion.—H. B. M. 

8 Supra, Vol. XVI, Pt, 2, : 
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As long ago as 1860, attempts were made at Toungwayn, near Maulmain, to 
work the antimony found there, in a hill called Ts-le-toung (antimony hill), 
but without success, the reason given being that the market value of the ore in 
Calcutta was too low. Other trials have been made since then, invariably with 
a like result. 

The antimony is in the form of stibnite and occasionally cervantite. This 
latter mineral, which always occurs above the stibnite and is probably due to its 
oxidation, was not known to the Burmese until pointed out to some of them 
recently by me, it having too great a resemblance to yellow earth to be noticed 
by them. They are however well acquainted with stibnite, under the name of 
T2-lea-chouk (antimony stone) or Te-le-byn (white antimony). The cervantite 
has obtained the name of T-le-wa (yellow antimony). 

The stibnite occurs in pockets, or isolated masses in a whitish quartzose sand- 
stone, the rock in the immediate neighbourhood being often stained of a bluish 
colour by the antimony itself. The deposits are generally found in or by the side 
of dykes or rather fissures traversing the sandstone, filled with a whitish quart- 
zose rock, and usually having well-defined walls. ! 

The Tw-le-dwin, or so-called antimony mine, worked some time ago by 
Mr. O’Riley, then Deputy Commissioner of Maulmain, is situated on a hill called 
Lekka Toung, at the 23rd mile from Maulmain on the Amherst road. It is 
merely an open quarry, some 50 feet in length (north-west—south-east), roughly 
rectangular, with a breadth of 12 feet, and abont the same in depth. The de- 
posit is divided by well-defined walls from the ordinary yellow sandstone sur- 
rounding it. 

The ore in these deposits dies out entirely, and no lode or even string is left to 
show in what direction more may be found. Sandstone surrounds it on all sides, 
and the only chance of any indication lies in the occurrence of an outcrop along 
or near the line of the dyke or fissure. From a single deposit a few tons only of 
ore is obtamed. The richest ore is in the centre, and may contain as much as 
70 per cent. of antimony (metal), and from this it graduates off into a blue 
slaty stone containing 2 or 3 per cent. only of the metal. 

Practically the chances are small in favour of the idea that small unconnected 
deposits like this can ever be profitably worked. Should lodes be found however, 
the case would be different. 

Through the energy and enterprise of a well-known advocate of Rangoon, 
mining operations on a small scale have lately been prosecuted to prove this 
range of hills, as to the existence or not of true lodes in them. A hill seemingly 
favourable for mining purposes was selected, and a level is being driven through 
ata short distance from its base. This work on completion will, in all probability, 
settle the question of lodes or no lodes for the Maulmain end of the range, the 
hill being a typical one as far as can be judged, A great expenditure of dyna- 
mite is found necesfary in cutting through the siliceous slaty rock mentioned 

* It is to be regretted that Mr. Criper cannot give a more precise description of these rooks. 
There seems even some doubt whether the ‘ sandstone’ in which the stibnite occurs may not be a 
partially disintegrated metamorphic rock. The quantitative diagnosis of the deposit is however 
the important point of the paper,—H. B, M. | 
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above. Iron pyrites is occasionally met with in this slate, and on the whole 
appearances are not entirely unfavourable for the occurrence of mineral in veins. 

I may here remark that copper (‘coppor scoria ”) was said to be found at a 
place called Kyiek Myraw, on the Ahtaran side of this range, by Mr. O'Riley,— 
vide Selections from Records, Bengal Government, VI, 1852. On inspection I 
found three large mounds, each containing many thousand tons of rich iron slag. 
Hnquiries on the spot from ithe old inhabitants and phungics (priosts) failed to 
elicit any knowledge or even tradition of a furnace having boen in operation there. 
No iron lode could be found and no excavations wore known of in the neighbour. 
hood. Probably a very rich form of laterite occurring there—almost an iron ore 
in fact—was used in the production of this slag. I havo since learnt that more 
of such slag exists at a place called Wagardo, near ‘Amherst. 

Among the drawbacks to the carrying out of mining and prospecting opcra- 
tions in British Burma, the want of roads, badness of the conveyances, |thickness 
of the jungle, and cost of labour, are the chief. An ordinary cooly'’s wages 
amount to Rs. 12 per month in Manlmain, and in the district 8 annas per day, 
except during the paddy season, when 12 annas per day is usually demanded, 
The coolies arc chicfly Madrasis, with a fow from Calcutta, tho Burmese being 
too lazy and independent for hard work. Domestic servants are also Madrasis, a 
‘boy’ requiring Rs 16 and acook Rs. 18 to Rs. 20 per month. In the district the 
usual means of conveyance on land is the Burmese cart drawn by two bullocks. 
As the body of the cart inclines from front to back at an angle of about 45,° a 
long journey in one doos not afford the acme of comfort. 

The best time for prospecting is from December to April, May and June being 
too hot, and from July to November every thing is under water, the rainfall being 
170 to 220 inches in Manlmain, and nearly that amount in the other parts of 
Tenasserim. . 

Government dak-bungalows are few and far between, but along the high roads 
at frequent intervals zayats or rest-houses are found, built by pious Burmese, it 
being considered a good work to build a zayat and as helping towards the attuin- 


ment of Nigban. 


Notes on the Kashmir Earthquake of 830th May 1885, by E, J. Jonzs, A.R.S.M., 
Geological Survey of India. 


On the 30th May, within a few minutes of 2-45 a.m., at which time a pendulum 

. clock, set to local time, at the Residency in Srinagar, 

ahe cue eee stopped, a severe shock of earthquake was felt in ae 

Kashmir valley, where much loss of life and damage to property occurred. The 

shock was also felt to a less extent in all the surrounding country, and at Simla, 
Lahore, Peshawar, &c. 

This shock, which seems from its effects to have been of a severe character, has 

been followed by slighter shocks up to the present time. 

Subseueenteneer®  Onone day, soon after the chief shock, as many as thirty- 

three distinct shocks were counted at Baramula. The frequency of the shocks 

has, however, now considerably diminished, some days being quite free, and on 
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other days as many as four or five being felt in the day. As an example, on 
June l§th there was a shock about 4 4.m., which was more severe than those 
which have occurred recently ; two hoprs after another shock was felt, but of a 
much less severe character. 
The chief shock of May 30th seems to have been preceded on the evening of 
Shock preceding the the 29th by a slight shock, which was noticed by several 
chief one. persons. 
The loss of life and damage to property, though much less than was at first 
reported, has been very considerable, The number of 
Psi age done by the ergons killed by falling buildings according to the present 
officialfreports was something over 3,000, while the num- 
ber of cattle, horses, &c., killed was very great. 
The area over which the shock was sufficiently severe to do serious damage to 
ica cis tee tes buildings is also much less than was at first supposed ; it 
shock was severely felt,  @xtends from the neighbourhood of Srinagar on the south- 
east, round a little north of Sopur, and by Baramula down 
the Jhelum valley as far as the fort of Chikar near Garhi ; the country south of 
Sopur has also suffered as far as Magam (or Margaon) on the road from Srinagar 
to Gulmarg. ‘About 25 miles north-30°-west of Uri is a solitary case where a 
fort near Titwal on the Kishengunga river has been slightly damaged. Down 
the valley of the Jhelum between Uri and Chikar the damage has not been 
general, the forts being the only buildings that have suffered. The area over which 
the shock was severe enough to cause a large amount of damage may be roughly 
estimated as between 300—400 square miles, though the actual area including all 
the damaged buildings is nomething over this. 
Most of the buildings consist of stones and wood in which mud takes the place 
sa of mortar, and they are covered by a heavy roof, frequent- 
oe one ly composed of dried mud supported by rafters, resting 
partly on the walls and partly on a few wooden pillars inside the building. 
These buildings do not throw much light upon the direction in which the wave 
travelled, as they appear, when shaken by the shock, to have 
‘ipeinsiine on te been unable to support the weight of the roof, which 
effects on the buildings. accordingly fell down inside the building and in most cases 
crushed any living thing of any size to death; while the walls having nothing to 
hold the mass of stones and (in many cases rotten) wood together fell to pieces ; 
in some cases however parts of the walls fell down and the roof remained. Very 
little, if any, assistance can be obtained from these structures in obtaining data as 
to direction in which the wave travelled ; the difficulty is also enhanced by the fact 
that the ruins were immediately disturbed and dug into in order to rescue the 
wounded and get out the bodies of the dead, and to obtain the wood for the purpose 
of erecting temporary huts. 
There are, however, some circumstances that point to the conclision that the 
wave path ran nearly north and south at Srinagar, as a 
Possible path of the ponging-lamp at the Residency was found after the shock 
ware, 
to be swinging approximately north and south, though no 
exact observation of tho direction was taken, Theoracks in the walls of the Resi- 
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dency also tend towards this conclusion: those walls which run north and south 
exhibit cracks, while the long walls ranning east-west have not been cracked, 
though they have become separated from the north-south walls by cracks. At 
Baramula, of those buildings which are at all favourable for observation, the walls 
running east-west have fallen more generally than those running north-south, as 
for instance the dik bungalow, a long building containing six sete of rooms, 
where the north wall facing the river and the roof covering the chief rooms, fell, 
while the back of the bungalow to the south suffered but little damage. Ini the 
fort at Baramula, which is partly built with mortar instead of mud, tho tower at 
the north-west corner fell into the river, and the west wall running north and south 
has been cracked, and the top of both the east and west walls has fallen down. 

The forts and huts which have been damaged along the valley of the Jhelum 
to the west of Baramula afford no trustworthy evidence. 

At Baramula and higher up the river a number of earth-fissures have been 

Farth-flesares formed along the banks of the river, and occasionally at 
; some distance from the river. The fissures I have seen 
were parallel to the course of the river, but owing to the water in the river stand- 
ing at a very high level at the time I passed up, the surrounding country was 
flooded, and I was unable to see many of the fissures that are said to exist. 

At Patan, which is some distance south of the Wular lako, there are some fissures 
running south-east—north-west and parallel to a line of low hills. I also noticed 
at this place one fissure running at right angles to and crossing all the rest. Tho 
size of these fissures varies from an inch to a yard in width. I saw no single ones 
of more than 100 yards in length, though they run into one another. The depth 
cannot well be seen, as the fissures are now blocked up. 

I am informed that there are some much larger fissures at a short distance 
from Baramula, some of them being 30 yards in width 

Pare ee: anda quarter of a mileorsoin length. Ihope tosce them 
before my observations are concluded. 

In the neighbourhood of the fissures there are numerous patches of fine sand 

which have been forced up from some distance below the 

Ea ireere: surface; they vary from 2 to 5 feet in diameter. The vil- 

lagers state that at first this sand gave off asulphureoussmell. The sand rescmbles 

fine river sand, but differs slightly in character in the different localities where it 
is found. 

The shocks were accompanied by @ sound which, in the case of the chief one, 

was described to me as like a hundred cannon going off 
Bounds accompanying at once, The noise appears to have preceded the shock 
sania by a short interval of time and to have come from a 


northerly direction. 
Camp Sernaaag, 
The 18th July 1885. 
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Preliminary notice of the Bengal Earthquake of 14th July 1885, by H. B. 
Mepuicotr, M.A., Geologrual Survey of India. 


Some mention of this earthquake may be expected in the current number of 
the Records, but it can only be to announce that observations are being made by 
officers of the Geological Survey where the shock was most severely felt. Mr. C. S- 
Middlemiss is taking notes at Serajganj, Sherpur (in the Bogra district), Mai- 
mansing, and Dhaka (Dacca); and Mr. P. N. Bose is visiting Nattore, whence 
some peculiar effects have been reported. The time of the occurrence was rigorously 
fixed for Calcutta by the stoppimg of the three regulator clocks at the Meteorological 
Observatory, from which the time-signals to the port are made, as checked by daily 
astronomical observations ; the hour was 6h. 24m 12s., on the forenoon of the 14th. 
The clocks stand due north-south, facing east. It is very doubtful that any com- 
parable observation can be obtained elsewhere; but the time element is not the 
most important. As to the direction at Calcutta, the most reliable observation I 
have heard of was that by Mr. E. C. Cotes, of the recently filled cistern of a gas- 
holder on the premises of the Indian Museum ; the water was seen to spill to a little 
cast of north. This 1s, too, the direction suggested by the general report of damage 
done, which is very markedly concentrated in the upper deltaic area traversed 
by the Brahmaputra. In parts of this area slight shocks and tremours have 
continued since the main shock until now. No notice of the shock has been 
reported from Cachar or Upper Assam, which is the region most frequented by 
such visitations in this part of India. As to the angle of emergence, I know of 
no safe data; cracks in the walls of houses are numerous enough, but it is very 
difficult to make sure that they are not old ones that had been plastered over 
The most distinct case of overthrow that has come to notice was that of a heavy 
plaster cast leaning against the north wall in a recess some 12 feet above the floor 
in the paleontological gallery of the museum, but it must have been ina dangerous 
state of unstable equilibrium ; for several others similarly placed, and by no means 
so stable as they ought to be, did not fall. For the comfort of visitors I may add 
that these are now being made fast. 

The area indicated is, so far as I know, a hitherto unsuspected position for a 
seismic focus, at least from recorded earthquake observations ; but it is noteworthy 
that within that area, north of Dhaka and west of Maimansing, lies the ground 
known as the Madhopur jungle, which was described by Mr. James Fergusson in his 
admirable paper on the delta of the Ganges? as due to an upheaval, ‘“ which there is 
every reason to suppose took place in very recent times.” It is described as pre- 
senting a more or less scarped face of deltaic deposits along its western side, raised 
about 100 feet above the actual alluvial area, and sloping eastwards under the old 
bed of the Brahmaputra, and losing itself in the Sylhet jheels (swamps). This 
form is certainly very suggestive of an actual upheaval along the western edge, 
and this line, ranning past the end of the Garo hills on towards Sikkim (where the 
recent earthquake was very sensibly felt), would approximately suit for the axis 
of the seismic area as now indicated. But this view of the Madhopur jungle 


1 Quar, Journ, Geol. Soc., London, vol. xix, p, 329, 1868. 
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needs verification, for there are grounds for supposing that it may be only 
an insulated remnant of a former more extensive deltaic surfaco, other remains of 
which are found in the terraces of old alluvium at many places on the borders of 
the present deltaic alluvium. 

There is another feature described by Mr. Fergusson ((.c. 333) that must be 
taken into consideration in the present discussion, namely, the chango that occurred. 
early in this century in the course of the Brahmaputra. When Major Rennell 
surveyed these rivers in 1785, the whole Brahmaputra, which is perhaps a greater 
silt carrier than the Ganges, flowed by Maimansing, east of the Madhopur jungle, 
and did much work in filling up the depressed arca of the Sylhet jhecls. It 
was then driven back from this ground by the comparatively insignificant castern 
streams, as is so well explained by Mr. Fergusson, and fell over into the arca 
west of the elevated tract, where it now flows some 60 miles to the west of its 
former course, in the very ground where the recent earthquake has done such mis- 
chief. Itis not impossible that the accumulation of 70 years’ deposits from tho great 
river may have had some inflnence in producing the catastrophe. 

There has been in the daily papers so much loose writing upon carthquakes 
on the occasion of tho recent events in Kashmir and Bengal, that it may not be 
amiss to make a few general remarks on the subject. It is only partially true, 
and in respect of details, that the subject is ‘shrouded in mystery.’ It is not 
disputed that every smallest cause must have some offect: when a musquito alights 
on a mountain the state of equilibrium is somewhat difforent from before, when 
the monster’s weight was distributed by air vibrations. It is well known that the 
volcano Stromboli is looked upon as a barometer by the sailors of the surrounding 
seas ; still to speak independently of variation in atmospheric pressure as the cause 
of volcanic eruptions, and still more so as a cause of earthquakes, is to lose sight of 
all sense of proportion. In the same connection, there is no doubt that high-pressure 
steam plays a conspicuous part in volcanic phenomena and their attendant earth- 
quakes; and that even in other earthquakes steam is ever ready to flash into any 
temporary fissure that may be formed ; but to speak of steam scouring through sub- 
terrancan caverns, bursting from one to another, and so causing earthquakes, is to 
indulge in geological romance @ la Jules Vernes, for which thoro is little excuse 
when we have so much solid ground to judge from. No one who has over been in 
@ region of truce mountains, such as the Himalaya, with his eyes open, should have 
any misgivings as to the cause of carthquakes, on seeing around great thicknesses 
of bedded rocks that must once have been flat, now twisted into knots and snapped 
asunder like twigs. Of course the hiatus in thought lies in the familiar assump- 
tion that the rocks were made so, or that all this performance came off in pre- 
Adamite times. The truth is that that sort of thing is going on now; the Hima- 
layas themselves have not done growing. The crust of the earth is continually 
in a state of strain, owing probably in some degree at least to relative changes of 
the internal and external volumes due to secular refrigeration, and to other disturb- 
ances of equilibrium, such as the wholesale removal of matter from one part of the 
surface to another (of which the case suggested is an instance), amounting in time 
to enormous quantities. Thus there are re-adjustments of equilibrium always 
going on. They for the most part take place so slowly as to be imperceptible, 


158 Recoids of the Geological Survey of India, [voL. XVIII. 


but sudden collapse must often occur, producing the shocks we know as earth- 
quakes. It has been ascertained with much certainty that the greater earthquakes 
have their origin at considerable depths, as much as 30 miles, below the 
surface; though no doubt very destructive local shocks may arise from a much 
nearer focus. 

The suggestion for warnings of approaching earthquakes is not promising, 
and it is only even plausible where seismic activity is more or less chronic, Of 
the greater disturbances that extend far from the focus there would probably be 
no symptom whatever, unless, perhaps, in the neighbourhood of the focus. Even 
at the seat of activity the attempt would probably be futile, for the many petty 
disturbances that pass off without serious sequel could hardly be distinguished 
from those that precede violent shocks, and the warnings would soon come to 
illustrate the “wolf, wolf” alarm of the nursery tale; so that such warnings 
might on the whole create a greater aggregate of anxiety and suffering than it 
was intended to relieve. 


ADDITIONS TO THE MUSEUM. 
From lst Aprit to 30TH JunzE 18865. 


Two specimens of alluvium—one fiom River Dharla near Mogul Haut Railway Station, 
Rungpore District, and the other from River Gangadhar, Assam. 
Presentep sy Mr. R. T. Matust. 
Lignite from Sivalik Sandstone, Bhiitan, North of Barpeta, Assam. 
From tas Derury CoMMIssiongER OF KamRvupP. 
Various fossils (2% in number), from Perim Island and other places in Kathiawar. 
PRESENTED BY Azam VAJISHANKER GAURISHANKBR, Asst. Dewan OF BHAVNAGAR. 
Cervantite, and antimony smelted from the same, from the Toungweine Hange, near 
Maulmain. 
PrrsenteD sy Mx. Groner Dawson, Mavimarn. 
Specimens of phosphatic rock and phosphatic nodules, from Masuri. 
PresENTED BY Rev. J. Parsons, Masvnrt. 
Section of a vertical pipe used for carrying the shaft water from one water ring to another in 
No. 3 Pit, Warora Colliery, the interior encrusted with a deposit of carbonate of limes 
which was formed in fifteen months. 
PRESENTED BY Mr. C. J. Buntne, Orra. Dy. Manacer, Warora CoLiizry. 
Specimens of egeran from the ‘ Rer’ quarry, northern base of the Chattarbhaj Hills, Tonk. 
PRESENTED BY LrEvtT.-Coxt. W. J. W. More, Potrrican Aeunt in HarowtTexr awp Tonk. 
Three pieces of the meteorite that fell at Pirthalla, Barwala Tahsil, Hissar District, Punjab, 
on the 8th February 1884. The largest picce weighs 510°6 grammes ; the second, 425°7 
grammes ; and the third, 224'2 grammes. Its specific gravity is 8°40. 
From THE GovannMent oF THE Punsis. 
The greater portion of the meteorite that fell at Chandpfir, Mainpéri District, N.-W. P., on 
the 6th April 1885. It has since been cut into two; the larger piece weighs 625°5 
grammes, and the smaller, 491 grammes, and its specific gravity is S25. It weighed 


1201°3 grammes before cutting, _— on : 7 


te 
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ADDITIONS TO THE LIBRARY. 
From Ist ApPgi, To 30TH JUNE 18865. 


Tstles of Books. Donors. 
Batt, V.—On the identification of the animals and plants of India which were known to 
early Greek authors. 8° Pam., Dublin, 1885. Tue AUTHOR. 


Bianrorp, W.T.—The African Element in the Fauna of India: A criticism of Mr. Wallace's 
views as expressed in the ‘ Geographical Distribution of Animals’. 8° Pam. 
Calcutta, 1876. Tus AUTHOR. 
Brownn’s Klassen und Ordnungen des Thier-Reichs. Band II, Porifera. Lief. 7; & Band VI, 
Abth. I. Fische. Pisces, Lief. 4; and Band VI, Abth. ILI, Reptilien, Lief. 
43-45, 8° Leipzig, 1885. 
Contributions to the History of Education. Historical Sketches of the Universities and Col- 
leges of the United States. 8° Washington, 1883. Homs DerartTmant. 
Davipson, T., and Kine. .—On the Trimerellidss, a Paleozoic Family of the Palliobranchs 
or Brachiopoda. 8° Pam. 1874. THE AUTIIOBS. 
Dovetas, Silas H., and Prescort, Albert B.—Qualitative Chemical Analysis, 3rd Edition 
8° New York, 1881. 
Emma Mine investigation. 1st Session, 44th Congress, 1875-76, 8° Washington, 1876. 
Home DEPARTMENT. 
Excyclopeedia Britannica, 9th Edition, Vol. XVIII. 4° Edinburgh, 1885. 
Fiscuer, Dr. Paul.— Manuel de Conchyliologie et de Paléontologie Conchyliologique. Fasc. 
I—VIII, and Atlas. 8° Paris, 1885. 
FritscH, Dr. Ant.—Fauna der Gaskohle und der Kalksteine der Permformation Bohmons 
Band II, heft1. 4° Prag, 1885. 
General Examination of the Atlantic Ocean. 8° Washington, 1870. Home DerartMeEnt. 
General information, Series No. 1. Information from abroad. Observations upon the Korean 
Coast, Japanese-Korean Ports, and Siberia, made during a journey from 
the Asiatic Station to the United States through Siberia and Europe, June 
3rd to September 8th, 1882. 8° Washington, 1883. 
Home Department. 
Haver, Fr. Bitter v.—Berichte tiber die Wasserverhiiltnisse in den Kesselthilorn von 
Krain. 4 Pam. Wien, 1883. Tne AuTmoR. 
JaGNavux, Raoul.—-Traité pratique d’analyses chimiques et d’essais industriels. 8° Paris, 
1884, 
LinpstrkOM, G.—Féorteckning ofver Riksmusei Metcoritsamling. 8° Pam. Stockholm 
1885. Taz AvuTHOR. 
Léozy, Louis de.—-Esquisses de l’ethnographie des Chinois. 8° Pam. Budapest, 1884, 
THE AUTHOR. 
Martin, K.—Die Tertiiirschichten auf Java. Nach den Entdeckungen von Fr. Junghuhn, 
Paleontologischer Theil, allgemeiner Theil, und Anhang. 4° Leiden, 1880. 
Mines and Mining west of the Rocky Mountains, 2nd Session, 41st Congress, 1869-70. 8° 
Washington, 1870. Homz DerartTMent. 
Mossrsovics, E. V., und Nevmays, M.—Beitriige zur Paliontologie Osterreich- Ungarns und 
des Orients. Band V. heft,1. 4° Wien, 18865. 
Naval Professional Papers No. 14. Papers and discussions on experiments with steel, 
reprinted from various sources. 8° Washington, 1883. 
Home DEraR MENT. 
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Titles of Books. Donors. 
Nixitin, S.—Die Cephalopodenfauna der Jurabildungen des Gouvernements Kostroma. 4° 
St. Petersburg, 1884. THE GEOLOGICAL DEPARTMENT. 


OweEn, Sir Richard —History of British Fossil Reptiles. Vols. I-IV. Text and Plates. 
4° London, 1849—1884. 

Paléontologie Francaise. 1 re Série, animaux invertébrés. Terrain Jurassique, livr. 76—77 
8° Paris, 1885. 

Putnam, Charles E.—Elephant-pipes in the museum of the Academy of Natural Sciences, 
Davenport, Iowa. 8° Pam. Davenport, Iowa, 1885. Tue ACADEMY. 


QcensteDT, Fr. Aug.—Handbuch der Petrefactenkunde. Auflage ITI. Lief 21—22 8° 
Tubingen, 1885. 

Renavyt, M. B.—Cours de Botanique Fossile fait au Muséum d’Histoire Naturelle. Vol. 
TV. 8° Paris, 18865. 

Reports of Explorations and Surveys to ascertain the practicability of a ship canal between 
the Atlantic and Pacific Oceans by the way of the Isthmus of Darien, in 
1872—73. 4° Washington, 1874. Home DEPARTMENT. 


Reports of Explorations and Surveys to ascertain the practicability of a ship canal between 
the Atlantic and Pacific Oceans, by the way of the Isthmus of Tehuante- 
pec, in 1871—72. 4° Washington, 1872. Homer DEPARTMENT. 

Romanowsk!I, G.—Geologische und paliontologische Uebersicht des nordwestlichen Thian- 
Schan und des siidéstlichen Theiles der Niederung von Turan. Lief I. 
4° St. Petersburg, 1880. THE GEOLOGICAL DEPARTMENT. 

Spon, Ernest.—The present practice of sinking and boring wells, with geological considera- 
tions and examples of wells executed. 8° London, 1885. 

The Norwegian North Atlantic Expedition, 1876—1878. XII. Zoology: Pennatulidw, by 
D.C. Danielssen and Johann Korem. XIII. Spongiade, by G. Armaner 
Hansen. 4° Christiania, 1884—1885. THe CoMMITTEE. 

THomson, Sir C. Wyiville, and Mugray, John.—Report on the scientific results of the 
voyage of H. M. S. Challenger during the year 1873—-76. Vol. XI. 


Zoology. 4° London, 1884. SECRETARY OF StaTE FoR INDI. 
TscHERNYSCHEW, 7%.—Der Permische Kalkstein in Gouvernement Kostroma, 8° St. Peters- 
burg, 1886. THE GEOLOGICAL DEPARTMENT. 


United States of America, War Department. Professional Papers of the Signal Service. 
No. XI. Meteorological and Physical observations on the east coast of 

British America, 4° Washington, 1883. Home DEParTMENt. 

Warprs, D.—Observations of the filtration of the Hugli water for the Calcutia water- 
supply. 8° Pam. Calcutta, 1874. THE AUTHOR. 

: On the muddy water of the Hagli during the rainy season with reference to 

its purification and to the Calcutta water-supply. 8° Pam. Calcutta, 

1873. Tue Avrnor. 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 8rd Series. Vol. XXIX, Nos. 171—173. 8° New Haven 
18865. 

American Naturalist. Vol. XVIII, No. 12, (1884), amd XIX, Nos, 1—3, (1885.) 8° Phila- 
delphia, 1884-1885. 
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Titles of Books. Donors. 


Annalen der Physik und Chemie. Neue Fulge. Band XXIV, Nos. 3—4, and XXV, Nos. 
1—2. 8° Leipzig, 1885. 

Annales‘des Mines. 8™° Série. Vol. VI, livr. 5—6. 8° Paris, 1884. 

Annales des Sciences Géologiques. Vols. XV and XVI, Nos. 1—2. 8° Puris, 1881. 

Annales des Sciences Naturelles, Botanique. 6° Sdric. Tome XX, Nos, 4-—6 8° Paris, 
1885. 

Annales des Sciences Naturelles. Zoologie et Paléontologic. 6™° Série. Tome XVII, Nos. 
5—6, (1884), and XVIII, Nos. 1—3 (1885). 8° Paris, 1884-85. 

Annals and Magazine of Natural History. 6th Series. Vol. XV, Nos. 87—90. 8° Lon- 
don, 1885. 

Archiv. fiir Naturgeschichte. Jahrg. XLIX, Heft 6, 8° Berlin, 1883. 

Athenzum. Nos. 2993—3006. 4° London, 1885. 

Ieiblitter zu den Annalen der Physik und Chemie. Band IX, Nos, 2—6. 8° Leipzig, 
1885. 

Bibliothéque Wuiverselle. Archives des Sciences Physiquos et Naturclles 3"' Période 
Tome XII, No. 12, (1884), and XIII, Nos. 1—3, (1885). 8° Genéve, 
1884-85. 

Libliothéque Universelle et Revue Suisse. 3"° Période. Tome XXV, No. 73, to XXVI, No. 
76. 8° Lausanne, 1885. 

Botanischer Jahresbericht. Jahrg. X, Abth I, Heft 2. 8° Berlin, 1885. 

Botanisches Central Blatt. Band XXI, Nos. 9—13, and XXII, Nos. 1—9. 8 Cassel, 
1885. 

Chemical News. Vol. LI, Nos. 1319—1332. 4° London, 1888. 

Colliery Guardian. Vol. XLIX, Nos. 1261—1274. Fol. London, 1885. 

Das Ausland. Jahrg. LVITI, Nos. 9—22. 4° Stuttgart, 1885. 

Geological Magazine. New Series. Decade III, Vol. If, Nos, 3—6. 8° London, 1885. 

Tron. Vol. XXV, Nos. 634—~647. Fol. London, 1885. 

Journal de Conchyliologie. 3"° Série. Tome XXIV, No. 4. 8° Paris, 1884, 

Journal of Science. 3rd Series. Vol. VII, Nos. 1833—136. 8° London, 1885. 

London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 5th Series. 
Vol. XIX, Nos. 119—121. 8° London, 18886. 

Mining Journal, with Supplement. Vol. LV, Nos, 2584—2597. Fol. London, 1885. 

Naturse Novitales. Nos. 4—11. &° Berlin, 1885. 

Nature. Vol. XXXI, No. 801, to Vol. XXXII, No. 814. 4° London, 1885. 

Neues Jahrbuch ftir Mineralogie, Geologie und Paleontologie. Jabrg. 1885. Band I, 
Heft 2—3. 8° Stuttgart, 1885. 

Neues Jahrbuch fiir Mineralogie Geologie und Palwzontologie. Beilage. Band III, Heft 3. 8” 
Stuttgart, 1885. 

Paleontographica. Band XXXI, Lief 3—4. 4° Cassel, 1885. 

Petermann’s Geographische Mittheilungen. Band XXXI, Nos. 3—5. 4° Gotha, 1885. 


” »» Abdruck aus Band XXXI, Heft 4. pp. 148— 
16C. 4° Gotha, 1885. 
és Supplement, No. 77. 4° Gotha, 1885. 


Professional Papers on Indian Efgineering. 3rd Series, Vol. III, No. 9. Flsc. Roorkee, 1884. 

Quarterly Journal of Microscopical Science. New Series. Vol. XXV, No. 98. 8° London, 
1885. 

Zeitschrift fir Naturwissenschaften. Folge 4. Band III, Heft 6, (1884,) and IV, Heft I, 
(1885.) 8° Halle, 1884-1885. 

Zoological Record for 1883. Vol. XX. 8° London, 1884. 
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GOVERNMENT SELECTIONS, REPORTS, &c. 


Titles of Books. Donors. 
BeneaL.—Quarterly Bengal Army List for April Ist, 1885. New Series, No. 92. 8° 
Calcutta, 1886. GOVERNMENT OF INDIA. 


re Report on Forest Administration in the Chota Nagpur Division of Bengal, with 
amap. By D. W. Schlich., Ph.D. Fisc. Calcutta, 1885. 
GOVERNMENT OF InDIa. 
Bompay.—Magnetical and Meteorological Observations made at the Government Observatory, 
Bombay, 1883. By Charles and F. Chambers. 4° Bombay, 1884. 
Bombay GOVERNMENT. 
- Selections from the Records of the Bombay Government. New Series. Nos. 167 
—169. Fisc. Bombay, 1885. Bombay GOVERNMENT. 
Inpra.—Annual statement of the trade and navigation of British India with foreign coun- 
tries, and the coasting trade of the several Presidencies and Provinces, in 
the year ending 3lst March 1884, No. 18. 4° Calcutta, 1885. 
GOVERNMENT OF INDIA. 
5, List of Civil Officers holding gazetted appointments under the Government of India 
in the Home, Legislative, and Foreign Departments, as it stood on the Ist 
January 1885. 8° Calcutta, 1885, GovERNMENT OF INDIA. 


» Meteorological Observations recorded at six stations in India in 1884, reduced and 
corrected. November and December 1884. 4° Calcutta, 1884-85. 
GOVERNMENT OF INDIA. 


» Report on the course of Instruction given at the Forest School, Dehra Dun, during 


1884. Flsc, Dehra Dun, 1885. GOVERNMENT OF INDIA. 
» Report on the Meteorology of India in 1883. By H. F. Blanford. 4° Calcutta, 
1885. GOVEBBNMENT oF IND1A. 
» Selections from the Records of the Government of India, Foreign Department, 
No. 201. Fisc. Caloutta, 1885. GOVERNMENT oF INDIA. 


» Statistical Tables for British India. 4° Calcutta, 1885. 
GOVERNMENT oF Inpra. 
Mapras.—Annual Administration Reports of the Forest Department (Southern and North- 
ern Circles), Madras Presidency, for the official year 1888.84. Filsc. 


Madras, 1885. Mapras GovERNMENT. 
PonsaB.—District Gazetteers: Kangra, Vol. II, and Karnal. 8° Calcutta and Lahore, 
1883-84. PonzaB GOVERNMENT. 

i Report on the Administration of the Punjab and its dependencies for 1883-84. 
Fisc. Lahore, 1884. PunsaB GOVERNMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Batavria.—Boekwerken ter tafel gibracht in de Vergadringen Van de directie der Kon. 
Nat. Vereen. Gedurende het Jaar 1884. Juli—December. 8° Batavia 

1886. Tae SocrEry. 

» Catalogus der Bibliotheek van de Kon. Nat. Vereen in Nederlandsch-Indie. 

8° Batavia, 1884. Tas Socrerr. 
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Donors. 

Batavia.—Natunrkundig Tijdschrift voor Nederlandsh-Indie. Decl XLIV. 8° Batavia, 
1885. Tue Socisrty. 

‘ Nederlandsh-Indisch Plakaatboeck, 1602—1811, Deel I, door J. A. Van der 
Chije. 8° Batavia, 1885. THe Socrgry. 

» Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. 
Deel XXII. Afl. 4. 8° Batavia, 1885. Tax Society. 


Brruin.—Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXVI. heft 4, (1884), 
and XXX VII. heft 1, (1885). 8° Berlin, 1884—1885. THe Society. 
BostonN.—Memoirs of the Boston Society of Natural History. Vol. III. Nos. 8—10. 4° 
Boston, 1884. Tne Society. 

Proceedings of the Boston Society of Natural History. Vol. XXII., parts 
2—3. 8° Boston, 1883—1884. Tne Society. 
Baistot.—Report of proceedings at the annual meeting of the Bristol Museum and 
Library, held 26th February 1885, with list of Officers and Council. 


8° Bristol, 1885. THe Muvusevm. 
Brussats.—Annales de la Société Royale Malacologique de Belgique. 3™°. Série, Tome 
NII. 8° Bruxelles, 1883. Tue Socrery. 

ss Procés-Verbaux des Séances de la Société Royale Malacologique de Belgique. 
Tome XII. p.p. 109—147, (1883), and XIII. p.p. 1—104 (1884.) 8°, 

Bruxelles, 1883—1884. Tax SociEry. 

i Bulletin de la Société Royale Belge de Géographie. Année VIII. No. 6. 
and IX. No.1. 8° Bruxelles, 1881—85. THE Socrery 

‘3 Bulletin da Musée Royal d’Histoire Naturelle de Belgique. Tome III. 
Nos. 2—4. 8° Bruxelles, 1884—1885. THe MvusEvm. 


Buparrst.—Erlauterungen zur geologischen Specialkarte der Linder der Ungarischen 
Krone. Blatt k- 15. 8° Budapest, 1884, 

Royat Huncanian GEroxoeica, INstitvre. 

re Naturhistorische Hefte, herausgegeben vom Ungarischen National Museum. 

Band IX, No.1. 8° Budapest, 1885. THe Museum. 

CatcutTa.—Journal of the Agricultural and Horticultural Society of India. New Series, 

Vol. VII., part 3 8° Caleutta, 1885. Tue Socrsry, 

‘es Centenary Review of the Researches of the Asiatic Society of Bengal, from 

1784 to 1883. 8° Calcutta, 1885. THE Socrery, 

a Journal of the Asiatic Society of Bengal. New Series. Vol. LIII., part 2, No. 3 
(1884), and LIV., part 1, Nos, 1—2 (1885). 8° Calcutta, 1886. 

THE Socrety, 


‘, Proceedings of the Asiatic Society of Bengal. Nos. 2—3. 8° Calcutta, 1885. 
Tur Society, 
os Memoirs of the Geological Survey of India. Vol. XXI, parts 3—4. 8°, 
Calcutta, 1885. GEOLOGICAL SURVEY OF INDIA. 

‘ Palzxontologia Indica. Series IV. Vol. I, part 4. 4° Calcutta, 1885. 

GeEoLoaicaL Survey or Inpra. 
‘i Records of the Geological Survey of India. Vol. XVI{I, part 2. 8° Calcutta, 
1885. Gxotoagicat Syrvey or INDIa. 

: Report on the Archwological Survey of India, Vol. XIX. 8° Calcutta, 1886. 


Hout DepartTMENT. 
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Titles of Books. ' Donors. 
CaLcurra.—Survey of India Department. Comparative scales of kilometres, miles and 
versts, the Russian alphabet, and tables of Russian weights, measures 
and money. Prepared under the direction of Colonel G. C. DePrée, S.C., 
Surveyor General of India. Flsc. Calcutta, 1885. Survey or Inpia. 


e Suivey of India Department. Notes for March and April 1855. Fisc. Dehra 


Dun and Simla, 18865. SuRvEY or Inpia. 
CaMBRIDGE.—Nineteenth Annual Report of the Museums and Lecture Rooms Syndicate. 
4° Cambridge, 1885. THE UNIVERSITY. 

5 Proceedings of the Cambridge Philosophical Society. Vol. V, parts 1—3. 

8° Cambridge, 1884—85. THE Society. 

Transactions of the Cambridge Philosophical Society. Vol. XIV, part 1. 

4° Cumbridge, 1885. THE SoclEty. 


CaMBBIDGE, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. VII. Nos. 1~6 
(1881), Nos. 7-8 (1882), and No. 11 (1884), with title page, contents 

and Index for Vol. VII. 8° Cambridge, 1881, 1882 and 1884, 
Mvuszum or CoMPARATIVE ZOOLOGY. 
‘3 Memoirs of the Museum of Comparative Zoology. Vol. XI, part 1. 4°, 
Cambridge, 1884. MosEuUM OF UoMPARATIVE ZOOLOGY. 


Detrt.—Annales de l’Ecole Polytechnique de Delft. Livr.1—2. 4° Leide, 1884—85. 
L’Ecotg PoLYTECHNIQUE DE DELFt®. 


DrrspEN.— Festschrift der Naturwissenschaftlichen Gesellschaft Isis in Dresden. 8° Dres- 


den, 1885. THE Society. 
Dupiin.—Scientific Proceedings of the Royal Dublin Society. New Series, Vol. IV, parts 
5—6. 8° Dublin, 1884—85. THE SocikEry. 

- Scientific Transactions of the Royal Dublin Society. New Series. Vol. III. 
Nos. 4—6. 4° Dublin, 1884—85. THe Socrery. 
EpINBURGH.—Transactions of the Royal Scottish Society of Arts. Vol. XI, part 2. 8° 
Edinburgh,1884. TE Society. 

GenEva.— Mémoires de la Société de Physique et d'Histoire Naturelle de Genéve. Tome 
XXVIII, part 2. 4° Gendve, 1883—84. THe Socrery. 


Hatuz.--Nova Acta Academiw Czsaress Leopoldino-Caroline Germanice Nature Curio- 
sorum zu Halle. Vola XLV& XLVI. 4° Halle, 1884. Tue Acapgmy, 


es Leopoldina. Heft XIX. 4° Halle, 1883. - THE ACADEMY. 
Hosazt Town.—Papers and Preceedings of the Royal Society of Tasmania for 1884. 
8° Hobart Town, 1885. THE Socrery, 
LsvusaNNE.~-Bulletin de la Société Vandoise des Sciences Naturelles. 2nd Série. Vol. XX, 
No. 91. 8° Lausanne, 1885. THE Socrery. 


Lzuypun.—Sammlungen des Geologischen Reichs-Museums in Leiden. I. Beitriige zur 
Geologie Ost-Asiens und Australiens. Heft.1—10. By Dr. K. Martin 
and A. Wichmann. 8° Leiden, 1881—84. 


Lizc8.—Annales de la Société Géologique de Belgique. Tome X. 8° Liége, 1882-83. 
THe Society. 


Ligzox.—Communieagies de Seegio Dos Trabalhos Geologicos de Portugal. Tome. fase 1, 
§” Lisboa, 1885. Groroaican Sunvry oF PorTuGaL. 


Lowpon.—Oatalogue éf the Foseil Mammalia in the British Museum, (Natural History.) 
Past I. By Richard Lydekker. 8° London, 1885. THE Musxvm. 
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Loxpon.—Journal of the Anthropulogical Institute of Great Britain and Ireland. Vol. XIV. 
No. 3. 8° London, 1885. 


. Journal of the Iron and Steel Institute. No. 2, 1884. 8° London, 1884, 


: Tue Institute. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. New Series. 
Vol. XVII, part 1. 8° London, 1885. THE Socrgry. 

‘5 Journal of the Society of Arts. Vol. XXXIII. Nos, 1684—1697, 8° London 
1885. : Tue Society: 


‘5 Mineralogical Magazine and Jounal of the Mineralogical Society. Vol. VI, 
No. 28. 8° London, 1884, 


‘s Proceedings of the Royal Geographical Society. New Scrics. Vol. VII. Nos. 


1—4, 8° London, 1885. THE Society. 

‘ Proceedings of the Royal Society of London. Vol. XXXVIII. No. 283. 8’, 

London, 1884. Tne Society. 

‘: Quarterly Journal of the Geological Society of London. Vol. XLI. No. 161. 

8° London, 1885. Tne SociEry. 

Mapk1D.—Boletin de la Sociedad Geografica de Madiid. Tome XVIII. Nos. 1—4. 8° 

Madrid, 1885. Tur Socrrry. 

MANOHESTER.—Transactious of the Manchester Geological Society. Vol. XVIII, parts 4—9 

8° Manchester, 1885. Tue Soctrsty. 

MELBOUENE.— Reports of the Mining Registers for the quarter ending 31st December, 1884 
Flsc. Melbourne, 1885. 


DEPARTMENT OF Minxs aND Warsn-stPriy, VICTORIA. 


Moscow.—Bulletin de la Société Impériale des Naturalistes de Moscow. Tome XXXIV 
No. 3. 8° Moscow, 1861. 


MonicH.—Astronomisch-geodatische Bestimmungen, des Bayerischen Dreiecksnetzes. -Sup- 


plementband X, 8° Miinchen, 1871 THz ACADEMY, 
‘i Nachtriige zu den Zonenb eobachtungen der Sternwarte bei Miinchen. Supple- 
mentband XIV. 8° Munchen, 1884, THE ACADEMY. 


NEWCASTLE-ON-TY¥NE.—Transactions of the north of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIV, part 2. 8° Neweastle-on- 
Tyne, 1885. THE INstITUTK, 
. An account of the strata of Northumberland and Durham as proved 
by borings and sinkings. F.-K. 8° Newcastle-on-Tyne, 1885. 
THe Insrirure. 
Paris.—Bulletin de la Société Géologique de France. 3™° Série. Tome XIII, Nos. 1—2 


8° Paris, 1885. THe Society. 

“ Bulletin de la Société de Géographie. 7°* Série. Tome VI, No. 1. 8° Paris 
18865, THE Socirry. 

Compte Rendu des Séances de la Société de Géographie. Nos. 1~11, 8° Paris 
1885. ° Tus Socrery. 
PHILADELPHIA.—Journal of the Franklin Institute, &°4 Series. Vol. LXX XIX, Nos. 3—6, 
8° Philadelphia, 1885. Tus Inerirore. 

- Proceedings of the Academy of Natural Sciences of Philadelphia. Part 


IIT, (1884), and J (1885), 8° Philadelphia, 1864-1885. 
Tor ACADEMY. 
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Titles of Books. Donors. 
Priga.—Atti della Societa Toscana di Scienze Naturali. Memorie, Vol. IV, fasc. 3. 8° Pisa, 
1885. THE Socrery. 

- Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. IV, 
pp- 147—202. 8° Pisa, 1886. Taos Society. 


Romz.—Bollettino del R. Comitato Geologico d'Italia, Vol. XV. &° Roma, 1884. 

THE CoMMISSION. 
se Relazione sul Servizio Minerario nel 1882. 8° Roma, 1884. 
Tar Commission. 
SacRaMENTO.~—-California State Mining Bureau. Fourth annual report of the State Miner- 
" alogist for the year ending 15th May 1884. 8° Sacremento, 1884. 
CatiFornia State Mininea Bureau. 
Sr. PererssureG.—Bulletin de L’Académie Impériale des Sciences de St. Pétersbourg. 
Tome XXI, No. 6, (1876), and XXIX, Nos. 2—8, (1884). 4° St. Péters. 
bourg, 1876 and 1884. THe AcCADEMY- 
i Mémoires de L’ Académie Imperiale des Sciences de St. Pétersbourg. 77° 
Serie. Tome XXXII, Nos. 4—12. 4° St. Pétersbourg, 1884, 

Tow AcapEmMyY. 
7 Bulletin of the Geological Commission. Vols. II{, Nos. 8—10, and IV 


Nos. 1—2. 8° St. Petersburg, 1884—1885. Tor CommMIssion, 

5 Mémoires du Comité Géologique. Vol. II, No.1. 4° St. Pétersbourg 

1885. THE Commission. 

SaLem.—Annual Reports of the Trustees of the Peabody Academy of Science, 1874 to 1884, 
8° Salem, 1885. Tor AOCsaDEMY. 


‘i Bulletin of the Essex Institute. Vol. XV, Nos. 10O—12. 8° Salem, 1883. 
THe InstyTurs. 


4 Proceedings of the American Association for the advancement of Science. 32nd 

Meeting. 8° Salem, 1884. Tue ASSOCIATION. 

San Francisco—Bulletin of the California Academy of Sciences, Nos. 2—38. 8° San 

Francisco, 1885. Thr ACADEMY. 

Sypnry—Australian Museum, Sydney. Catalogue of the Australian Hydroid Zoophytes. 

By W. M. Bale. 8° Sydney, 1884. Toe MusEom. 

»» Supplement to the Report of the Committee of Management of the Australian 

Museum for 1884. Fisc. Sydney, 1885. Tus Musrvm. 

Tortno—Atti della R. Accademia delle Scienze di Torino. Vol. XX, Nos. 1—5. 8° Torino, 

1885. THE ACADEMY. 

- Memorie della Reale Accademia delle Scienze di Torino. Serie II. Tomo. XXXV. 

4° Torino 1885. Toe ACADEMY. 

Vinnna—Abhandlungen der K. K. Geologischen Reichsanstalt, Band XII. Lief 4, 4° Wien, 
1884. 

“ Jahrbuch der K. K. Geologischen Reichsanstalé, Band EXXIV, heft. 4. 8° Wien, 

1884. Tue IxstrrvTs. 


»  Verhandlungen der K. K. Geologischen Reichsanstalt, Nos. 3-8. 8° Wien, 1885. 
Tax InasrrrutTs. 


,  Denkechriften der K. K. Akademie der Wissenschaften, Band 47. 4° Wien, 1888. 
THe ACADEMY. 
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VIENNa—Sitzungsberichte der K. K. Akademie der Wissenschaften. Band LXAXNVIT Abth. 
II, heft. 4—5. Band LXXXVIII Abth.I, heft. 1—5; Abth. IT. heft. 
1—5; Abth ITT, heft. 1—5. Band LXXXIX, Abth. IT, heft. 1—5, 
Abth. III, heft. 1—2. 8° Wien, 1883-188 4. THe ACADEMY. 

WasxHincton— Bulletin of the U.S. Geological Survey. No. 8. &° Washington, 1884. 
U.S. Grou. Scrvry. 
- Memoirs of the National Academy of Sciences. Vol. II. 4° Washington, 188 t 
THr AcanrMy. 
Yorx—Annual Report of the Council of the Yorkshire Philosophical Society for 1884. &° 


York, 18835. Tre Society. 
MAPS. 
Carte Géologique Génerale de Ja Russie d° Europe publice par le Comité Géologique. Feuille 
71, 1885. THE COMMISSION. 
Geologische Karte des Ostabhinges des Urals. (3 shects.) THE CosMISSION. 


Government of Jnaia Central Printing Office,—No, & S. , S.—6-203h,—-730. 
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Pe aemnaeel Pelee eeeeen ene nicnes iifilitanDline-Essaturascliiies Milled - = 





Sketch of the Progress of Geological work in the Chhattisgarh Division of the 
Central Provinces, by Wiu1iam Kina, B.A., 1.Sc., Superintendent, Geological 
Survey of India. (With a map.) 


The large area of country included under the above heading embraces, besides 
Chhattisgarh proper, a small tract on the eastern edge of Balaghat and Mundla 
on the one side, and a much wider extent of the Sirgujah and Gangpur territories 
of Chota Nagpur to the far east. At long intervals, since 1866-67, traverses 
across the whole region, or at several points on its borders and within it, were 
made by Messrs. Medlicott, W. T. Blanford, and Ball, their observations having 
been recorded in manuscript or in the publications of the Survey.? 

The more connected examination of the area has been resumed within the 
last two years, and on the following already recognised provisional succession of 
formations :— 

Deccan trap. 

Kamthi, 

Barakar. t LOWER GONDWARA. 
Taichir. 


Limestone member. 
Sandstone . } Lowse VINDHYANS. 


Chilpi beds. P Do. 
CRYSTALLINES. 

It was to be expected that closer work might possibly lead to a modification 
or even an enlargement of this list: as will be seen later on, this has been the 
case in so far as I have been led to look on certain rocks as belonging to a tran- 
sition series rather than to the Lower Vindhyans,—a view at which I had arrived on 


3 Medlicott, M.S. 1866-67. Blanford, M.S. 1869-70. Records, G. 8. 1, IL. pp. 54 and 
71. Ball, Records, G. 8. L, IV.,p.101; VILL, p.102; X., pp. 167 and 186, Manual of the 
Geology of India, Part L pp- 76, 128, and 199. 
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independent observation of strata which had not escaped the vigilant scrutiny of 
Mr. Medlicott, who was also struck with their sub-metamorphic facies. 

The sequence of the limestone and sandstone members of the Lower Vindhy- 
ans of the Chhattisgarh basin has already been discussed to some extent by Mr. 
Ball in these Records,! partly without due regard to the extent and completeness 
of the basin in itself and through a comparison of these with certain members in 
adjacent regions. The evidence gained in the present examination is, however, so 
clearly corroborative of Mr. Medlicott’s first position that all questions regarding 
it may now be laid aside. At the same time, not only on this point, but on the 
view of the interpolation of a transition series and the possible absorption by it 
of some at least of the rocks included under the Chilpi beds, it would long ago 
have been of the greatest advantage had Mr. Medlicott’s progress report been 
published. Its reproduction is now more desirable than ever, and, with the 
Director’s permission, it is embodied in the present paper. 

The most striking feature of the Chhattisgarh country is its great plain or 
basin which stretches far to the eastward and southward from the foot of the 
stecp-crested and ridged slopes fringing the Mandla-Amarkantak plateau, or 
that part of it which is called the Maikal range. This range, and a great 
N.-S. spur stretching into Balaghat and Bhandara as the Saletekri hills, form a 
sort of rectangular north-west corner of the basin. Not far from the southern 
end of the Saletckris, the southward limitation of the basin is formed by the 
much lower Raipur, Bilaighar, and Sarangarh hills, the skirts of the long north- 
ern slopes of which trend north-north-eastwards past Raipur and then away 
along the right bank of the Mahanadi ending in the Bara Pahar range, some 
30 miles west of Sambalpur. The latter range drops down to the great river, on 
the opposite or left bank of which the rim or edge of the basin is continued in a 
series of high ridges striking north-westward past Raigarh, thus closing in the 
great plain at its eastern end. The hilly border is thence continued rather more 
west-north-westward across the Mand and Haadu rivers, and so by detached and 
lesscr ridges past Ratanpur (some 30 miles north of Bilaspur) to the foot of the 
slopes of the Maikal range below Amarkantak. 

No more perfect geographical and geological basin could be instanced ; for, 
except on the west and north-west sides, the rim-like edging of hills and ridges 
consists of gently or more strongly up-turned beds rising from under the flat- 
ter-lying strata of the plain with which they are-formationally associated. We 
have thus come to distinguish what may be called the rocks of the plain, and 
those of the rim as synonymous with the ‘ limestone’ and ‘ sandstone ’ members 
of the Chhattisgarh Vindhyans. 

The Korba plains to the north-east of Bilaspur form a sort of supplementary 
or outside stretch of low country; but this cannot be looked on as a part of the 
proper basin, from which it is separated by the low ridges and larger hill masses 
of Ratanpur, Soti, and Dulha, while its main rivers, namely the Arpa, Hasdu, 
and Mand, cut across or through this part of the rim in their course to the Maha- 
nadi. This tract is also geologically distinct, being made up of crystallines and 
Gondwana rocks. 

1 Vol. X, p. 167. 
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The Pendra upland to the north, which might also be considered a portion of 
the northern edge of the great basin, is remarkable as being a part of the divide 
between the great southern feeders of the Ganges and the northern drainage of 
the Mahanadi, as well as the connecting link between the Amarkantak end of 
the Satpura range and the lofty plateau highlands of Chota Nagpur. 


CRYSTALLINE SERIES. 


Tt is scarcely necessary, even if it were possible, considering the very cursory 
form of examination consequent on attention having been given to more im- 
portant formations, to dwell at any length on the different gneisses and granitoid 
rocks constituting the floor of this field; though a general idea of their mode and 
style of occurrence may here be given. 

On the north side of the basin, that is, by Lurmi, Pendra, Mahtin, Uprora, 
and Korba, good strong-bedded gneisses of the more massive quartzose, quartzo- 
felspathic, and hornblendic varieties, are common, particularly in the slopes or 
ghats separating the Pendra country from the Bilaspur plains; though tho upland 
itself, as far north as Pendra at any rate, is of unfoliated and very coarscly 
granitoid kinds, The ghat rocks are all more or less foliated, or laminated 
and bedded, in a general E.-W. strike, with a high dip to southwards, though 
this becomes less and less inclined towards the foot of the hills. <A cross traverse 
from Pendra southwards by the Suknai and Arpa valleys shows the granitoid 
rocks to the edge of the upland, where they are succeeded by the foliated 
gneisses with which are associated frequent thick beds, or sheets of coarsely crys- 
tallized red felspathic granites, or more highly altered forms of gneisses. Strong 
quartzose gneisses, quartz-rocks, and some schists, still having the E—W. strike, 
come in below the gh&éts and occupy the low country (much covered up with 
alluvium) nearly as far as the Ratanpur gronp of hills. Other traverses in the 
same direction but further and further east, over tlie Lapha hills, or from Maltin 
down to Korba, and in Uprora, show a similar succession of gneisses. The 
general E.—W. strike is not only seen in the rocks themselves, but it is, as it were, 
stamped on the face of the country in the wonderful system of long, narrow, 
and deeply-carved ridges and valleys to the south of Pendra and about Mahtin. 

In the Korba valley, the crystallines are extensively covered up by Gondwana 
rocks; but a belt of granitoid gneisses, with subordinate hornblendic and quart- 
zose schists, shows a few miles to the south and south-east of the town, and narrows 
off in the latter direction towards the Mand river. Gondwanas and Vindhyans 
then intervene as far as Raigarh, where a further thin belt of quartzo-felspathic 
granitoid rocks, with frequent ridges of quartz schists or quartz-rock (occasionally 
having more the character of fault rock) and bosses of hornblendic or syecnitoid 
varieties, stretches in a south-east direction towards Sambalpur. 


? TRANSITION SERIES. 


In treating of these rocks, I labour under the disadvantage of having seen 
them in detached areas and then only on a traverse while marching across 
country to take up a far distant coal-field near Sambalpur; or, later again, when 
more especially following out the northern edge of the Chhattisgarh basin. 
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Further, they are at these places in contact or very close to, and in some of their 
characters not unlike bottom strata of the Lower Vindhyan outcrops. 

On the march from Pendra south to Bilaspur, the gneissic rocks were traced 
into the rugged low country of Kenda; beyond which les a wide stretch of 
superficial deposits in the Khaira valley, extending to the northern skirts of the 
low group of Ratanpur hills where are traces of quartz schists not so manifestly 
gneissic as those to the north in Kenda. The higher hill block west of Ratan- 
pur, or to the north of the old city, is made up, on its south-western slopes at least, 
of a decidedly different set of rocks—namely, hard, massive, quartzose strata, 
generally of a green colour, associated with foliaceous and rather compact green 
mica schists or coarse clay slates weathering of pale-brown and reddish colours. 
There are also thick bands, apparently in the strike, of dark-green traps (green- 
stones) or trappoids. The low hillocks to the west and south-west of the old city 
consist of low-dipping quartzite sandstones and shales. There is some twisting 
and rolling about of the beds; but the general strike is N.W.-S.E., the dip being 
to the north-eastward. The low, but very steep, ridge on the western side of 
the Dulha tank is of much crushed and white quartz-stringed quartzite (nearly 
quartz schist) having a high dip to north-east. 

Here, therefore, without taking into account the different style of the rocks, 
is a series having a strike in strong contrast with the prevalent E.-W. one of the 
proper crystallines; and not only is this the case, but even a stronger discordance 
exists between them and the Vindhyans, for these quartz schists of the Dulha 
ridge are crossed at their southern end by bottom sandstones of the latter series 
which are striking W. by S.-H. by N. and dipping 20°-30° southward. These 
sandstones are only some 60 or 70 feet in thickness, but they are well marked 
in the long low ridge forming here a part of the lip or rim of the great basin. 
The section is quite clear on the Bilaspur—Ratanpur high road. 

The next exposure of similar rocks lies some 12 miles to the east-south-east, 
on the western slopes of the Soti hill (2,646 feet) mass. On passing eastward 
from the Vindhyan limestones of the plain, about Pondi and Bamuini, I found 
that the first ridges are of strongly-crushed quartzite and quartz schists, exactly 
like those of the Dulha tank ridge, having very much the same strike and verti- 
cal or with a high inclination to the eastward. These are then succeeded, after 
@ narrow strip of covering alluvium, in the slopes by strong compact schists or 
coarse clay-slates, and hard massive dark-green quartzose rocks, with which are 
associated, to all appearance in the strike, greenstones and trappoid rocks. Lake 
rocks are traceable over the Nilagar valley into the Dulha hill (2,447 feet) 
mass to the southward and away in an east-north-east direction by Baluda, almost 
es far as Panora on the road to Korba; the more prominent exposures being, 
however, quartz-rock or quartz-schist still having a generally N.—S, strike.’ 


LOWER VINDHYANS. 


Mr. Medlicott’s so long reserved progress report will form a fitting introdue- 
tion to the consideration of these rocks. 


*As will be seen in the next section, Mr. Medlicott hed alse visited this Duiha-Soti ares, 
but my observations were made without having previously seen his report. 
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Vindhyans of the Mahanadi. 


“When I first came upon these rocks in this section of the Hasdu, T took 
An ea ee them to be Talchirs, and even tried for a couple of day 
Talchirs. to accept them as such. The colouring of Mr. Hislop’s 
map gave @ direct determination to this viow; and at this 
particular spot it chances that the rocks lend themselves to that supposition : 
there are thick beds of fine calcareous clays in abrupt contact with gneissoso 
rocks. But the notice from the first of a considerable departure from tho Tal- 
chir type rapidly widened into a total separation; although characteristic Tal- 
chir rocks were observed at a short distance to the north, I looked in vain for 
them here; and characters were soon observed, which have never been notod in 
Talchirs, but which are common in pre-Talchir groups. 

“The sandstones are strongly bedded, often coarso and 

rusty, often pure and fine, quartzite sandstones. 
‘‘ There are massive fine homogeneous clays, often affecting a flat nodular struc- 
ture (resembling somewhat the splintery clays of the Tal- 
chirs). There are also finely laminated siliccous shales; 
these are often calcareous, and pass insensibly into finely laminated siliceous lime- 
stones, in the manner so common with some of the lower-Vindhyan bands of tho 
Sone and of Bundelkhand. These shales scem also con. 
nected with fine flaky siliceous and quasi-felspathic bods, 
very hard and compact (porcellanic) on a fresh fracture, but betraying their 
flakiness by weathering. These beds, too, find their exact analogues in the 
lower- Vindhyans. 

‘‘ Limestone is perhaps the commonest rock at the surface all over the plains of 
Chhattisgarh. It is seldom a pure homogeneous rock, being 
often flaky and earthy-siliceous, and often also the siliccous 
matter is distributed in strings or in irregular concentric concretions. 

“It would seem to be only in the most general way that these several rocks 
observe any order of position. I think all these types 
may be observed as a bottom rock, resting upon the meta- 
morphics. But there is a decided preponderance of the sandstone in this position. 
It would seem that the sandstones never attain a considerable thickness save at 
or near the base of the series; I would conjecture, too, that they are altogether 
absent towards the top. This variability in the deposits is also a point of simi- 
larity with the lower-Vindhyans, and with the rocks described this year by 
Blanford in the Godavari area. 

‘As the most frequent bottom rock, the sandstones are seldom seen in force, 

mae ek except near the boundary; but they are nowhere so much 

pe developed as in the south-east, resting on the gneiss of the 

Jonk area and of Sambalpur, and forming ridges running northwards from that 

ares. If one wanted an appropriate name for the band, ‘ the Chandarpur sand- 

stone” might be adopted. I have nowhere seen them so well exposed, or in so 
great force, as in the ridges running south from the Mahanadi at Chandarpny. 

“T can indicate no constant position for the limestone. It seems thoroughly 
associated with the shales overlying the Chandarpur sandstone. 


Sandstones. 


Clays. 


Porcellanic variety. 


Limestone. 


General order. 
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‘“‘The position here distinctly assigned to the sandstone is the same as is con- 
jectured by Blanford for the Pranhita sandstone, with reference to the Pem shales. 
In the Sone area a quartzite sandstone is the most general bottom rock of the 
lower-Vindhyans. 

‘‘In describing the boundaries of these rocks, the foregoing observations will 
be illustrated and amplified. 


“The boundary of these Vindhyans with the crystalline rocks on the south is 
much more simple than on any other side. Here only is 
there a distinct and unequivocal case of simple unaltered 
super-position. Close to the night bank of the Mahanadi, east of Arang, the shaly, 
flaggy, dark siliceous imestone shows with asteady inclination of 3° to 4° to west- 
wards; and on the rising ground to eastwards the strong- bedded sandstones pass 
up from beneath the limestones and shales to form a low range of hills. These 
hills present a gentle slope to the west, and are scarped along the eastern face, 
in which can be admirably seen the junction of the massive sandstone resting on 
coarse granitoid gneiss, and largely made uv of its debris; this debris is not 
coarse and water-worn, but gravelly, and still undecomposed. The very gradual 
nature of the junction is well seen in the east-west gorges, the crystalline rocks 
appearing in the valley for a mile or more to westwards of the general north 
and south line of scarp, and with slopimg scarps of sandstone on either side. 
From the steadiness of this feature, I was led to conjecture that the eastern exten- 
sion of the sandstone would be limited with much regularity by the north and 
south line of scarp. I was therefore surprised to find the sandstones at one spot 
half a mile in front of that line, and at the general level of the crystalline are 
of the Jonk; but this is little more than 100 feet below the line of junction in tne 
scarp; I imagine however that such outliers are exceptional on this side of the 
granitic area. In passing eastwards along the road, the scarped hill range I 
have just described is seen to the north curving round to the east towards 
Sarangarh; and I have no doubt the rock-features are quite similar to those on 
the east, the sandstones thus encircling the crystalline rocks on west and north. 
“The Raipur and Sambalpur road runs nearly east and west, and for 50 
miles there is no rock but crystallines; the sandstone hills appearing at a 
greater or less distance on the north. In Phuljhar there is a break; a bay (mow 
a region of hills) of Vindhyan rocks stretches southwards from the main area 
of the Mahanadi, separating the crystallines of the Jonk from those of Sambal- 
pur; the two being probably continuous on the south, m the Borasambar State. 
For a long distance to the west along the road the high scarped ridge of Siswal, 
in Phuljhar, betrays the presence of more regular stratified rocks. On the road, 
a few score yards to east of the Katli river, on meridian 83°, one comes, without 
any separating surface feature, upon fine crushed and slaty silt beds, with some 
associated beds of brown coarsish sandstone. Although much compressed, the 
stratification is not greatly disturbed, as can be seen by the lie of the sandstone, 
and by the position of the imperfect nodular structure of the clays which seems 
always to preserve the flatness in the plane of bedding. I at once recognised 
these rocks as identical with what I had seen about the north boundary and 
elsewhere in the Vindhyan area; and hopes were raised, that in the high 


Southern boundary. 
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scarped hiils close by on the east I should find higher beds of the scrics than 
any I had yet seen. On approaching Bindala hill (some 16 miles north of the 
road) I was surprised to come again upon crystalline rocks on the low ground and 
reaching up to the foot of the scarp. Further exploration in the same north-east- 
erly direction confirmed this observation : crystallines weather out here, there, 
or anywhere, from under the sandstone, with small regard to levels. Thus the 
general character of the junction here is the same as to west of the Jonk; the 
bottom portion of the sandstone in the Phuljhar hills is disposed to bo shaly 
rather than coarse and massive like that of the boundary in Raipur; and tho 
fine argillaceous beds, the first rock noticed im these castern sections, was not 
observed in the single section I examined west of the Jonk (from the greater re- 
gularity of the boundary there, I dare say they are nowhere exposed); but, as 
already remarked, these argillaceous rocks are exactly like beds scen elsewhere, 
and I believe them here, as elsewhere, to underlie and partly to represent the 
sandstone which caps the gneiss of the higher levels. In these sections we thus 
find locally well exhibited what I have stated to be the relation of the sand- 
stone generally—that it cannot be looked upon as a bottom group of the serics, 
although very often seen as bottom rock. There is no presumption either that it 
is generally represented along any horizon. I can give no certain critorion of the 
beds which overlie the sandstones as compared with those which underlie thom ; 
the latter appear to be less shaly and more massive and of a darker colour, and 
perhaps, free from limestone, although apparent exceptions to this will be noticed. 

“From Phuljhar I marched northwards along the sandstone range to Chandar- 
pur. The sandstone must be several hundred feet thick, and most of it is a 
fine, white,"pure quartzite-sandstone like much of the upper-Vindhyan rock. 
The range is on a distinct anticlinal; the pale shaly, flaggy, calcareous upper parts 
show #¥ on both sides close to the base and inclined from it. The Kenkaradi 
river] upies a basin of these upper beds to east of the Chandarpur range; the 
hills uw the south-east being, I have no doubt, formed of the sandstone sloping 
up in that direction and forming a scarp over the crystalline area of Sambalpur. 

“Proceeding eastwards along the south boundary, there may be noticed a 
gradual change from the perfectly undisturbed condition of the normal junction 
in Raipur, as already described, to the greatly disturbed and very complicated 
junction that runs in a north-westerly-south-easterly direction through Sam- 
balpur and Raipur and forming the eastern boundary of the Vindhyan area of the 
Mahanadi. The intricate and rugged hill group of the Bara Pahar is formed at 
the confluence of those two boundaries. Before attempting to sketch the foatures 
of the eastern junction, I will notice the less complicated one on the north. 

“In going northwards from Bilaspur to Ratanpur, the shales, limestones, and 
subordinate flaggy sandstones, which spread horizontally 
beneath the plains of Chhattisgarh, arc concealed by soil 
and alluvium to within 2 miles south of Ratanpur, where a low east-west range 
of hills rises abruptly from the alluvial flat. The ridge is formed by a band of 
strong-bedded standstones, mostly coarsish and with an insufficient rusty ochreous 
matrix, but some of it fine and pure. The band is not thick; may be 50 feet and 
under. 1tseems slightly to alternate with and to overlie streaked red and greenish 
slaty shales. Very locally one may observe apparent total unconformability between 


North boundary. 


176 Records of the Geological Survey of India. [VoL. XVII. 


the sandstones and the shales below them, but I believe these cases to be entirely 
due to crushing between yielding and unyielding materials; for in the best sec- 
tions, as well as in the general allure, there is full evidence of conformable associa- 
tion. The nature of the disturbing action along this zone is best seen by the beha- 
viour of the sandstone ; the elevation from the north does not seem to have been very 
marked or very direct ; for several miles in width the sandstone may be seen form- 
ing little ridges having any direction and slope, and all at about the same level. 
In the little ridge over Ratanpur this strike is north-north-east and the dip 30° to 
east-south-east ; a mere capping of sandstone resting conformably on the shales.! 

“On the Ratanpur section the junction with the crystallines is concealed 
beneath a longitudinal valley. The zone of special disturbance may be about 
5 miles wide. 

“TI crossed this boundary again at some 30 miles to west of Ratanpur, 
where the rocks are better seen, and one actual junction exposed. At Lurmi 
the same band of sandstone forms very low (40 feet) ridges, rolling about at 
Small inclinations, and with little regard to direction, the same type of disturb- 
ance as at Ratanpur; and it soon settles down under the pale shales and 
limestones of the plains to the south. In the Muniari, just above Lurmi the 
rocks under the sandstones are admirably exposed. They are massive beds of 
fine (? siliceous) clays, some exceedingly fine, others more gritty ; mostly of a red 
colour, often streaked with green, and some greyish-brown. A fine lamination 
is often traceable in all; and the bedding is easily discerned. The dip is variable, 
not exceeding 10° to 12°—2 southerly direction prevailing ; but the effects of great 
crushing are manifest in the irregularly intersecting systems of planes of jointing 
or pseudo-cleavage that traverse the whole mass. In these also an east—westerly 
strike is the most marked; the effect of which is such that in mere ground-sec- 
tions on paths one would note the rocks to be slates, with an east-west clejvage. 
In the finer beds the disintegration of the rock is further complicated jy an 
original, flat, concretionary structure, which produces concentric exfoliation. 

‘At 3 to 4 miles north of Lurmi there is a very steady range of hills, running 
about 5° north of east, south of west, the south face of the crystalline area to the 
north. This straight ridge is here several miles wide, and tolerably flat-topped. 
The gneiss lasts to the edge of the south face; but the spurs, from the very top, 
are of streaked reddish and greenish slaty rocks; very locally even there is an 
appearance of incipient foliation. The water from the higher level trickles 
down over a steep surface of gneiss into gullies through the slates. The junc- 
tion is amply exposed; there is no clean-cut plane of separation; not a sign 
of intervening vem rock; no trace of slipping between the two; within a few 
feet or inches the change is complete, the rocks being just as it were soldered 
together. 

“* By aid of the lamination, and of an occasional flaggy layer, the bedding can 
be observed; at the spot I examined there was, for a few feet wide, a low 


1I¢ is in these shales that copper ore was reported to have been found and formerly 
worked ; but I could find no definite foundation fer the report, nor any confirmation of it in the 
rocks. The piece of ‘ore’ sent to me by the Deputy Commissioner (Mr. ne 
hit of red (copper coloured) shale. 
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inclination towards the gneiss, and then a low inclination from it; the whole stato 
being exactly like what is seen in the river at Lurmi, only slightly intensified. 

‘The observations I have recorded seem altogether to indicate a normal rela- 
tion between these series of rocks—an aboriginal contact. This view is strongly 
corroborated by the appearance, about half-way betwcen Lurmi and tho hills, of a 
band of gneiss on the low ground. Its presence is not marked by any surface 
feature or peculiar contact-rock; it seems simply to have weathered out from 
beneath its covering of shales. The only thing to sugpesta faulted boundary 
here would be its straightness : the run of the junction north of Lurmi would just 
about cut its position north of Ratanpur, 30 miles to castwards. But a geolo- 
gist in India ought to be the last to ignore the effects of straight scarped bound- 
aries among the original conditions of rock formation. 

‘ For some distance, at least, the same boundary runs steadily to westwards, 
but I should think that it curves southwards before reaching the trap scarp, for 
there are some symptoms of the lower boundary of the Vindhyan rocks being not 
far off from the western limits of the present area, although now concealed be- 
ueath the trap of the Mandla platcau. 

“ One of the most striking general features of this area of Vindhyan rocks is 
the almost undisturbed condition of the strata all over 
the central area up to within a comparatively narrow belt 
along the boundary. Except on the partial south boundary first noticed, such is 
markedly the case. It is a remarkable instance of geographical extension pre- 
scribed by structural features in very ancient deposits; and it is doubly interest- 
ing to find symptoms of those structural features themselves being connected 
with original conditions of deposition. It will readily be understood how the 
arrangement I have just indicated should introduce a difficulty to the correct 
appreciation of the Vindhyan series itself: the topmost strata are almost conlined 
to the low grounds, where they show the minimum of disturbance; while the 
bottom bands rise along the boundary and are often much modified by contortion 
and compression. One has to seek far and wide for proof of the two being really 
continuous. The contrast I have here described is nowhere more marked than 
on the section of the Hasdu, where (unfortunately) I first came upon these 
Vindhyans ; and the degree of contrast will be illustrated when J say that for 
two days I noted the upper bands as Talchir (although of abnormal character), 
while the lower beds passed as a new form of hypo-metamorphics. 

“It was along the western boundary that I got the best instance of the upper 
group being subjected to the full measure of disturbance. The scraggy east—west 
ridge stretching past Pandaria on the north is principally formed by the pink and 
blue cherty limestones and the shales so intimately associated with them, the same 
as are found spread out at the surface all over the low plains of Chhattisgarh ; in 
this ridge all are confusedly crushed up on an E.-W. strike. In the hills to 
south-west of Pandaria the N.E.-S.W., and N.N.BE.-S.8S.W. strikes that 
obtain along the western boundary come in. 

‘“‘The western boundary, as far as I saw it, bears a general analogy to that on 
the north ; from Ratanpur westwards, a belt, some 5 miles wide, of hills com- 
posed in the main of slaty shales separates the plains from the scarp of the Mandla 
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plateau. A gradation of disturbance is observable from the base of the hills, 
wherever rock is exposed on the plains, the inclination being from the hills. In 
the outer ridges a band of sandstone is traceable ; but towards the north it is very 
subordinate. The slaty shales forming the mass of the hills may well represent 
the similar rocks north of Lurmi. In the Chilpi ghat section, on the Bilaspur- 
Jabalpur road, they last up to the base of the scarp, where they are overlaid by 
the basalt, at a level corresponding to that of the general height of the fringing 
hills. There must be here a much greater thickness of shales than along the 
northern boundary ; but here, too, the thickness need be much less than would be 
at first sight conjectured ; for, although the strike is more steady than in the zone 
of disturbance along the northern boundary, reverse dips are observed, and also 
frequent exceptions to the N.N.E., S.S.W. strike, showing repetition of the 
same beds. There are also mineralogical characters corresponding with the strati- 
graphical differences I have noted. Well in towards the base of the main ascent 
trappoid rocks appear; but I failed to make out anything definite regarding 
them, or to separate them and the rocks with them from the general mass. I am 
disposed to think they may be local metamorphic forms of the Vindhyan shales 
in the line of maximum compression. 

“T may here notice a peculiar rock only observed in this and in one other 
locality. For some little distance below the junction of the basalt on Chilpi ghat, 
I noticed the surface strewed with large (10" to 12”) well-rounded boulders of 
quartz and of crystalline rocks. At first sight I took them to be debris from the 
infra-trappean conglomerate; but this notion was soon dispelled by the fact that 
many of the boulders were more or less shivered, and re-cemented, after slight 
distortion, by silica—an evidence of violence never observed in Lameta beds. I 
soon found the boulders in place in the underlying series imbedded in a crumb- 
ling earthy slaty matrix, in which I could detect a high westerly underlie. This 
is here the contact rock, overlaid by a few feet of white Lameta limestone, which 
is succeeded by a dark greenish-grey earthy crystalloid sub-amygdaloidal trap. 
This conglomerate may, perhaps, be taken as confirmatory of the conjecture 
already hazarded, that the crystalline rocks are not far off to westwards, although 
the boulders are so thoroughly rounded that they may have traveled any distance ; 
the whole deposit has a diluvial character that suggests the proximity of fringing 
declivities. The other occurrence of this conglomerate is more obscure: it is on the 
east of the Vindhyan area. The sandstone ridge of Chandarpur has been described 
as running north and south ; an axis of contortion (presumably in connection with 
subjacent features) between two basins of the upper strata. The range termi 
nates in the Mahanadi at Chandarpur; but in the line of its continuation unusual 
disturbance is traceable, affecting even the upper beds of the series. ‘ At about 
5 miles north of Chandarpura small north-south chain of low hills occurs; to all 
appearance they are composed of a mass of well-rounded boulders just like those 
of the Chilpi ghit section. I could nowhere get at the matrix in which they are 
buried ; i¢ must be some soft material like that of the Chilpi ghat conglomerate. 

‘*Sonth of Chilpi ghit, the characters of the western boundary are similar to 
what has been described. Below Sahuspur, the sandstone becomes more prominent 
in the outer ridges, and the slaty and hypo-metamorphic rocks below it are also more 
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developed ; above Madanpur, they rise to the top of the main scarp, without any 
capping of Lameta beds or of trappeans. These rocks, underlying the sandstone, 
may probably be studied to advantage in the ground to south-west of Mohanpur. 

‘It was noticed along the southern boundary that there is a gradual increase 
of irregularity and of disturbance from west to cast, coming 
to a climax in the Bara Pahar, north-west of Sambalpur, at 
the confluence of the two boundaries. Thero is a very similar change, but much 
more complicated on the north, where the Kamra hills offer a very close analogy to 
the Bara Pahar. The very regular and comparatively simple junction described 
to west of Ratanpur is altogether changed to east of that place; the crystalline 
rocks, which seem throughout to underlie the belt of disturbance at no preat 
depth, rise to the surface; and the line of contact from close to Ratanpur to 
beyond Dulha hill, 20 miles to south-east, follows a very irregular course, which 1 
had not time to follow out in detail. In this area, south-east of Ratanpur, 
there are decidedly metamorphic rucks, altogether different from the thorough 
gneissic rocks of the region to the north ; there are also rocks which so exactly affect 
the characters of the bottom Vindhyans, that I must, provisionally at Icast, 
identify them as such, while at the same time I failed to detect any decided supara- 
tion of these quasi-Vindhyans from those quasi-metamorphics. J can only hope 
to describe the facts and state the difficulties intelligibly, without offering a very 
decided opinion thereon. Let it be remembered that I mado no stay to work 
out the case: I am only recording single observations. 

“In the section of the Hasdu, the case is stated most clearly. Immediately 
below Satiguri there is a contact well exposed. The fine- 
grained gneissose quartzites, which form the rapids of 
Chicholi, are still vertical with a northerly strike. A strong bed of coarse rusty 
pebbly sandstone seems to rest upon a weathered surface of the metamorphic 
quartzites; the section is very low; and considering, as I did at the time, 
these overlying beds to be Talchirs I did not examine the contact so closely as I 
should otherwise have done, but I believe the relation to be as I have stated it. 
The sandstone slopes southwards, and is overlaid by fine pale shales, and these 
again by a strong band of tough grey (non-felspathic) sandstones with pebbly 
surfaces. Thick dark-grey shales succeed, and are overlaid by paler calcarcous 
beds, locally a banded laminated limestone. The pale red varieties cover these and 
occupy the surface south of Nowagaon. These beds are tho regular upper 
members of the series, and the sandstone represents that already so often 
mentioned. Its thickness here may be 30 to 40 feet in the two bands. It forms 
the little ridge running for miles to west-south-west from the river. It may be 
affirmed that no supposition could bring into original conformable relationship 
the rocks here in contact, they remain now as at the first. 

‘To one coming from the north the Kamra hills at once appear as something 
new : such steep clean cliffs, with well-marked lines of stratification, arc never seen 
among the gneiss rocks; and, on the other hand, the rusty colour of the cliffs, 
and the sharp angularity of the outline at once distinguish them from the 
corresponding features in the hills of the secondary rocks. They are formed of a 
considerable thickness, not less than 200 to 300 feet, of quartzite sandstone resting 
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upon a very variable thickness of reddish gritty shales. Tle condition of disturb- 
ance is exactly what has been so often described in the bottom Vindhyans of 
this area; the ridges run in every direction, and with any slope just as if the strati- 
fication had been broken ap by horizontal converging pressures. I have one 
observation to complete the analogy of these rocks with the bottom Vindhyans 
of other parts of the area. In the gap to west of the village of Labed a 
thorough granitoid gneiss shows well up to the base of these covering rocks, 
so as to leave scarcely a possibility of any relation but one of normal super- 
position. The relation of these rocks to other metamorphics of this neigh- 
bourhood is by no means so simple. The Kamra hills reach up to the left bank 
of the Hasdu. In the little stream flowing northwards from the Rang ridge, there 
is an excellent section of the whole group, the sandstones showing in the cliffs 
on both sides and the red shales in the gorge ; for a long way they observe a steady 
dip of 5° to 10° to north, and just before they disappear in that direction there is an 
appearance of contortion. In the lower ground further north one only finds rotten 
unrecognisable gneissose rocks. In the Hasdu the rocks come in all of a sudden 
at Jogipali, It was here I received the impression that the little-disturbed, little- 
altered rocks of the hills becontfe rapidly contorted, and at the same time metamor. 
phosed into the fine-grained, sharply bedded gneissose quartzites (a most decidedly 
metamorphic rock), which come in immediately below and occur more or less con- 
tinuously with a varying strike down to the junction at Satiguri, as already 
described. If such be the case, these Kamra rocks cannot by any possibility be 
grouped with the strata to the south of Satiguri. I am, however, so strongly 
impressed with the view that the Kamra beds are the bottom Vindhyans, that I 
fully expect a close examination will prove them quite distinct from the sub- 
gneissose rocks of the Husdu. 

‘“‘ In the region of the Nilagar the same puzzle is even more strongly marked : 
the limestones greatly predominate in the upper beds on the low ground, and 
so occur close to schistose rocks at the same level; I conjecture that they may 
even be found to lap over in contact with them. They are thus found not far 
from the base of Dulha hill, on top of which the Kamra quartzite sandstones are 
easily recognised, resting on schistose and pebbly gneissose massively-bedded rocks. 
The Soti hill group is altogether formed (at least on the south side) by this new 
hypo-metamorphic series, a massive trappoid variety being prominent. A 
northerly and southerly strike is as markedly prevalent in these metamorphic rocks, 
as the E.-W. strike is in the granitic netamorphics to the north. 

‘‘ Between the Kamra hills and the Bara Pahar, the boundary of the Vindhyans 

is marked through the Raigarh State by a single ridge, on 

North-east boundary. 1:16 with the outer (eastern) flanks of those hills. This 
ridge is formed of strong beds of quartzite much crushed and altered, gneiss- 
ose rocks showing everywhere along its outer base. To the north these are 
of a coarse, highly felspathic, and granitoid type; but towards the Mahanadi 
they have a very mongrel character, which greatly obscures the distinctness 
of thia junction. Close sections are obtainable at the passage through the ridge 
in the stream north of Padampur; the quartzite shows within a few yards of 
the bank at the point of the ridge Laving apparently a high dip towards the 
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crystallines ; in the river the quartzite seems to be cut out, and there only appear 
reddish, flaggy, slaty shales, much crushed and rolled, but also on the whole having 
an inclination towards the crystallines, which are in place some 30 yards up stream. 
They are variable gneissose and trappoid schists. Here and in other similar posi- 
tions (as in the stream under Laka to the north-west), I noticed a highly siliceous 
angular rock to be prominent among the metamorphics, suggesting the possibility 
of its being a transformed condition of the quartzite; but the general evidence is 
so strongly against such an interpretation that I must explain this special circum- 
stance as either a coincidence (may be attributable to pre-Vindhyan denudation), 
or else as an effect of perculation-metamorphism along a plane of junction. The 
features here reminded me very forcibly of those at the boundary of the lower- 
Vindhyans, where the ridge of bottom quartzite is cut by the Sone at Bomarsan, 

“The junction is tolerably well exposed in the Mahannadi at and below 
Padampur, and the section is altogether obscure and exceptional. The curve in 
the river above the town corresponds with a regular curve in the ridge of strong 
quartzite sandstone on the right bank. From a steady dip of 20° to westwards 
this sandstone bends round to a similar steady dip to north and north-north- 
east, apparently passing under the limestones and shales which are frecly exposed 
in the bed of the river, with the same inclination as the sandstoncs towards the 
left bank. In this bank under Padampur, and lower down stream, there are those 
quasi-remnants of a quartzite (as described in last paragraph) adhering to and trans- 
fused into the dirty crushed gneiss. Just below the village the channel is about 
30 yards wide between these rocks and an island of strong pink limestone with 
shales. The boundary runs very obliquely across the river; and at its last appear- 
ance on the left bank there is a remnant of the limestone and shale, quite un- 
altered, in actual contact with the mass of pseudo-quartzite and the crushed 
gneiss rocks. The section exposed is very small, but I could detect no special 
signs of taulting, such as slickensides or vein-rock, although the features de- 
scribed (with upper rocks at the contact) would prima facie suggest such a pheno- 
menon, and I am not fully prepared to deny the possibility of it. However it 
may be, it is evident that the passage of the Mahanadi at this spot is connected 
with the peculiar arrangement of the rocks. 

‘There is in the Vindhyans of this neighbourhood another exceptional 
appearance awaiting solution. The ridge of sandstone that has been noticed as 
bending round with the curve of the river on its right bank, encloses on the west 
and north the little valley of Dongri, forming a scarp over it. On the floor of the 
valley strong-bedded limestone with shales, exactly lke the usual rocks of the 
upper part of the series, is exposed, showing little or no disturbance, and thus 
appearing to pass under the sandstone of the scarp. On the east side of the 
valley a strong band of exactly similar sandstone slopes up from beneath these 
limestones and shales. I had not time to examine whether there was a repetition 
by faulting, or whether the Lahansara sandstone is a local band in the upper 
strata of the Vindhyans. The latter supposition seemed the most likely. It is 
from the Dongri valley that most of the ‘ Padampur’ limestone is obtained. 

‘‘There is evidence in this region that the boundary I have described was 
not always the limit of extension of the Vindhyans. At about 3 to 5 miles from 
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that boundary on the north-east there is a broken chain of ridges running parallel 
to it, and formed I believe of the bottom quartzite. It would seem to be the 
continuation of the outer ridge of the double range to north-west of Raigarh. 
From the debris noticed in the valley of Tarukpur, I conjectured that the crystal- 
lines were exposed somewhere within it. Thus here, as on the south-east side, 
we seem to have the actual base of the series exposed all along, the leveling 
by denudation having here been much aided by the compression and disturbance 
of the deposits.” 


The route taken by Mr. Medlicott in this traverse certainly placed him in very 
close rapport with the whole geology of the basin; for he entered it first on the 
north side from Korba by the Hasdu river, and thence proceeded westward, 
southward, and eastward all round the edges to the crossing of the Mahanadi at 
Chandarpur. Then, northwards from this up the valley of the Mand, thus cross- 
ing the eastern end of the basin; and so down again along the north-eastern edge 
by Raigarh to the extreme eastern boundary at Padampur. Little room was 
therefore left for other than the corroborative evidence which might be accumulated 
during the progress of connected work. This closer work so far has embraced 
the greater part of the middle and north-eastern tracts, and the whole of the 
western portion down to south of Raipnr. 

All the indications on the north-eastern tracts bear out the original recognition 
that the Chhattisgarh Vindhyans of the plain and the edging ridges consist, 
broadly speaking, of a sandstone and a limestone member, the former being the 
lower of the two: and there is ground for belief that such may be the conditions 
for the western side. However, I leave the conditions of the geological structure 
of this side an open question, because the evidence obtained by Mr. Bose in that 
part of the field, though as yet incomplete, shows that the relations between the 
rocks of the plain and those of the adjacent hill slopes of the Saletekri range are 
not so easily interpreted as Mr. Medlicott’s reconnaissance would seem to imply. 

It is true that occasional narrow seams of slaty shales and coarse schists do 
come in under, and in association with, the bottom sandstones along the northern 
boundary, but these are so insignificant as not to affect the general sequence. 
What they do seem to show, however, is that the bottom member—an essentially 
sandstone formation on the north-eastern, eastern, and southern sides——either 
gradually changes from a poorer and poorer sandy series to a stronger and 
stronger shale or slaty one with subordinate sandstones on the north-western 
edges, or that it continues on in this impoverished condition, sometimes being 
overlapped by the limestones, over a different and older series. 

Later observations on the north-east boundary.— There is no necessity at present 
for going into detail regarding the style of the boundary from Padampur north- 
westwards past Raigarh. For the most part, it is a generally faulted one, the 
bottom quartzites, which must be here of great thickness, cropping up at high 
angles from under the much less disturbed limestones and shales of the plains, and 
having—what look to be—their lower strata, at the eastern bases of the great ridges, 
in close and abrupt juxtaposition with the crystallines of the low grounds beyond. 
I am myself inclined to suspect that there has been re-duplication, if not inver- 
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ston, with a crushing-up and fracture of long ellipsoidal dome-like undulations. 
Be this as it may, the whole aspect of the boundary is very analogous to that 
of much of the eastern frontier of the great area of Kadapah and Karnul rocks 
in the Kistna and Nellore districts of the Madras Presidency. 

Some 5 or 6 miles to the sonth of the passage of the Mand river across 
the sandstone rim of the basin, a most instructive example of a crushed-up and 
partially faulted dome of the bottom sandstones is exhibited in the Gida hill 
mass which has been cut into and scoured out by denudation until the in- 
ternal core of crystallines is fully exposed to view. A good deal of faulting and 
crushing is disclosed here and there along the contact edges in the interior; 
but the easy lie of south-easterly dipping strata is quite plain under Bamandai 
hill and on the path leading out to Basnajhar. <A very thin streak of brown 
rusty, reddish and greenish schists, and sandy—rather sharp gravelly—shales 
occurs at the very contact, just between the cneiss and the thicker beds of quartzito 
sandstone on this path. Round the southern skirts of the hill the sandstones run 
easily under the red-purple calcareous shales and grey-blue limestones of the plain. 

Some idea of the thickness of the sandstone series is alsu obtainable at this 
point,—a feature which had hitherto only been guessed at in the Raigarh ridges, 
where undoubted bottom beds are not recognisable in contact with the gneiss, 
Here, however, the base is known, and a fair estimate can be formed from tho 
lofty scarped faces and under-cliff of Bamandai hill (1,439 feet), and from a 
scramble across the Gida ridge near its summit (1,480 feet) where tho beds are 
vertical, though down either slope the dip is generally to westward, the angle 
decreasing towards the foot of the western side. In this way the conclusion is 
forced on one that there must be at least 1,000 feet of more or less altered (quart- 
zite) sandstones, rarely coarse and gravelly, oftenest thick-bedded and fine-gramed, 
and without any conglomerates as far as I could see. Their likeness to those of 
the Raigarh ridges is strong in every way ; indeed there cannot be a doubt of the 
two belonging to one and the same group. 

To the northward of this dome, after an interval of shales (and strong bluc 
limestones at Banipathar) in abrupt contact with a north-south exposure of 
erystallines, the sandstone hills of the rim hade up in long gentle slopes, the beds 
lying at 5°, 10°, 20°, southward, with surfaces wonderfully worn in sinuous curves 
and zig-zags of contour. This easy lie only lasts for about half the width of 
the hills; when undulation, at first slight and then quick, has allowed of more 
rugged denudation, giving the broad and humpy masses overlooking the low-lying 
wide expanse of the Mand valley coal-field, the rocks of which lap up against the 
sandstone hills, or are only denuded for short distances, giving exposures of 
crystallines in abrupt juxtaposition with the Vindhyans. 

Away to the north-west, the sandstone hills attain higher elevations as in the 
Gar hill (1,948 feet), the floor crystallines being exposed im the valleys and on 
slopes below lofty scarps; while outlying isolated strips of Vindhyans occur in 
such abrupt relation to the surrounding gneisses of the plains beyond that their 
position can only be accounted for by their having been let in by faulting. 

No better display of faulted or squeezed folds, remnants of arches, and natural 
boundaries below scarps, can be pointed out than that of the Kamra range still 
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further westward. The Kamra mass (2,878 feet) itself has its lower slopes of 
crystallines crowned by a somewhat crushed synclinal of thick-bedded sandstones, 
with a good band of overlying red shales in the hollow above, giving scarped 
edges on the northern face of some hundred feet high; and, in the deep valley 
between this mass and the proper rim, one may recognize the remains of the 
great core of crystallines and its covering arch of sandstones. 

A magnificent display of dip slopes occurs in this neighbourhood, on the 
southern flanks of the Pidadei (2,836 feet) ridge. Broad bed surfaces of dark 
black-brown weathering sandstones slope up from the narrow valley, inside the 
low foot-hills edging the plains, at an angle of 30° or so, with hardly a break, to 
the very crest of the ridge, the sharp and jagged bed edges of which stand ont 
clear against the sky. There is scarcely a foot-hold on these slopes for any but the 
local jungle people; and it is merely where jointing and weathering have faci- 
litated the scouring out and breaking up of ledges and the gathering of angular 
debris in stream-like heaps tailing up the slopes, that scrub and low jungle have 
been able to grow and vary the dark expanses of bare rock sheets. 

Westward of the village of Labed, at the foot of the Kamra hill, an open 
country of crystallines extends to the Hasdu river, its southern edge being 
fringed by the low slopes leading up to the now simple and much less lofty 
edging rim of sandstones in the Sidapat (1,524 feet) and Rang, or Maruarani 
(1,713 feet) hills. In this direction, too, the thickness of the sandstones dimi- 
nishes very rapidly; so much so, that beyond the Hasdu, in the Sandadi and 
Jogia (1,113 feet) undulations there can scarcely be more than 150 to 200 feet. 
The natural pose of the sandstones on the gneiss is fairly well displayed; but it 
is here that their lowest strata become decidedly thinner and more flaggy, while 
associated with them are sharp gravelly sands, sandy shales, and coarse schistose 
and clay-slate layers; in fact a stronger show of the contact beds seen in the 
Gida hill. 

An interesting feature about this Rang or Maruarani region is, that though 
the hill appears at a distance to be capped with sandstones, and to have a certain 
slight scarp, after the fashion of the edging hills over the country already 
described, it is really only covered or scarped with those more flaggy, shaly, and 
coarse sandy gravelly strata just described. The bulk of the massive sandstones hes 
well in from the scarp or outer edge, being underlaid by about 30 feet of clayey and 
sandy flags, shales, and flagstones, which crop up and form a good deal of the upper 
part of Rang and Maruarani, as well as the edge of the low scarp topping the 
slopes on the left bank of the Hasdu river and overlooking the villages of Jika 
and Mohara. This western scarp is very instructive; for it shows the bottom beds 
of the sandstone series all along its crest as they rise gradually northwards to the 
Rang spur, over which they roll easily and bend down almost to the plains. In 
descending from the hills to Jika, the scarp or edge of the descent is very thin, about 
10 feet or often less, consisting of a bed or beds of coarse black or reddish-brown 
ferruginous grits, made up of grains of white and glassy quartz in a ferraginous 
matrix, gravelly or pebbly towards the base, or sometimes having larger scattered 
pebbles of the same kind of quartz, This hard bed lies directly on cast to west 
striking micaceous schists, or coaraish crystalline granular micaceous rocka easily 
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weathered ; or there 1s at intervals a varying thickness of greenish and dirty-grey 
earthy micaceous clay-slates coming in between it and the sub-mctamorphic rocks. 

It is necessary to state here that this undoubted bottom bed of the Vindhyans 
is lying unconformably on the micaceous schists and other rocks constituting the 
slopes leading down to the Jika river flat. At thesame time, it strack me that 
these subjacent schists could hardly be considercd as belonging to tho regular 
crystalline or gneissic series, though they look more metamorphic than transi- 
tional. There ss an E.—W. strike in the slopes and away down in the plaim, the 
general strike im fact of the true gneisses to the north; but this is apparently 
only local, as they seem to trend round on the opposite bank of tho mver and as- 
sume the N.—S. strike exhibited by the peculiar quartzite or quirtz-schist bands 
lower down about Satiguri, and away to the westward toward» the Dulha and 
Soti country already treated of as showing rocks having a transtional aspect. 

The style of the bottom sandstones westward from this point on the Hasdu 1s 
given in Mr. Medlicott’s paper (ante); but it may be mentioned hero that 1 
have representatives of them at the extreme north-west corner near Borla where 
quartzite sandstones and pebble beds occur underlying the limestones. 

The rocks of the great plain are essentially limestones and shales which roll 
about in long, easy undulations, or are comparatively flat for many square miles at 
atime. It is only here and there, however, that exposures are frequent or of any 
extent, the most of the plain being covered with alluvial clays or soils of various 
kinds, beneath which the limestones or the shales may be found at a moderate 
depth. The shales are nearly always of a red-purple color, with pinkish or groyish 
shades: very rarely are they of green or dirty grey, or dark colors, though this 
is their style in the immediate neighbourhood of Raigarh. The limestones are 
generally grey or fawn-colored, sometimes pinkish or pale-reddish purple, often 
almost black, or dark blue-grey; thick-bedded compact splintery, or flaggy 
coarse and earthy or clayey where they shade up or down into shales; they are 
very often siliceous throughout, or seamed with fine films of siliceous matter, 
and chert bands. The more clayey and shaly laminated bands are often remark- 
ably concretionary with polygonal, sub-spheroidal, and flattened oyster-like masses 
packed together over the bed surfaces, or along inter-laminar bands of more com- 
pact clayey constitution. Both shales and limestones are more or less cleaved 
round the edges of the field, more particularly so perhaps at the north-west corner. 
It is difficult over such a flat and ill-exposed country to say whether there may 
not be more than two steady bands of these rocks: it appeared to me that, broadly 
speaking, there is a tendency in the whole member to be generally shaly at the 
bottom, the limestones coming over in varied force; though there is also a tendency 
in the shale band to have subordinate seams of limestones while the limestone has 
its shale intercalations. 

Local intercalations, or even apparent super-jacent exposures of thin sand- 
stones pebble beds and sandy flags, or lydian stone bands, are exhibited at places ; 
the latter occurring to the north-east of Bilaspur about Norgornu, and the former 
to a very wide extent in the Raipur country, or on the Mahanadi near Chandar- 
par, or in the low Sai Dongri group of hillocks towards Padampur. 

A curious, and as yet stratigraphically unsettled, outcrop of apparently higher 
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sandstones and extremely coarse conglomerates occurs on the right bank of the 
Mand where it crosses the plain before joining the Mahanadi, as the Girgiri and 
Tundri ridges. These low hills lie in a sort of broken chain, with intervening 
stretches of low country, between the Gida hill on the north and the Iong north 
to south Dadarpali range on the right or south bank of the Mahanadi. Mr. 
Medlicott surmised that these outcrops might be northerly prolongations of the 
anticlinal roll in the Dadarpali range; but a closer examination of them seems to 
me to point to their being portions of a crushed synclinal which might be 
expected as a complementary hollow wave in the strata on one side of the hidden 
portion of the anticlinal exhibited in Dadarpalli and the southern end of Gida hill. 

In the first place, it is really only by the merest chance exposures that rock 
is seen in situ in these ridges, for they are to all appearance made up entirely of 
loose well-worn pebbles, shingle, and largish boulders of various kinds of quart- 
zite, quartz-schist, and some crystalline rocks. The wholé facies is that of great 
shingle banks formed in comparatively recent times alongside*the bank of the 
Mand river: even the tops of the ridges consist of loose debris. However, I 
found good hard quartzite sandstone and conglomerate in a small cross valley north 
of the Govindpur peak, obscurely bedded but apparently vertical and striking 
north to south. Again on the extreme north end of the western Tundri ridge, 
there are coarse pudding-stones, having a hard purple clay-stone matrix, which 
are traceable along the crest of that part of the ridge into massive heavy con- 
glomerate rock having no definite bedding. The pudding-stone is very ob- 
scurely associated by super-position on the red-purple shales forming the slopes 
of the ridge the dip of the latter being 40° to 50° eastward. The main portion of 
this western Tundri ridge shows no bedded rock, but it has its steeper side to 
the west. The eastern Tundri ridge, on the other hand, looks to have a westerly 
dip, and this agrees with the lie of the shales and gritty beds in the plain at its 
northern end. 

The shales and limestones in the plains below these ridges have never teen 
traced into actual contact with the sandstones, though they are often quite close 
enough to accentuate the fact that on both sides their dip is rolling and inwards 
towards the ridges; while at the north end of Girgiri, by the village of Baila- 
garh, the shales strike round east—west and dip southwards. 

All these conditions point, I think, to the preservation in a couple of ellipsoi- 
dal hollows or synclinal waves of a remnant of overlying sandstones; the south- 
ern or Girgiri synclinal being in an extreme state of crush. Looking at the 
rapid change from heavy conglomerate to scattered pebble bed or padding-stone 
at the north end of the west Tundri ridge, it would appear as though their 
extremely coarse detrital constitution may after all be only a very local develop- 
ment in an insignificant sandstone band, the lateral extension of which may be 
indicated by the occasional onterops of sandy flags and pebble beda occurring in the 
limestones and shales to the westward in the valley of the Baghar stream; or it 
may be an extension of the sandstones in the Sai Dengri hillooks near Padam- 


pur. Mr. Bose has also indicated a large spread ef sandstones in the Keipar 
country, overlying, to all appearance, the. imestone group;. and the Girgirt beds 


may be related to these. There is, of course, no certainty that these varions and 
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detached sandstone occurrences are of one and the same hand, or even that some 
of them are not merely local intervalations with the hmestones; so that it would 
be rash to conclude that the Girgiri conglomerates or the Raipur sandatones 
belonged to a further and superior member in the series; at the same time there 
are evidences of the possibility of such a succeasion in the detached area of 
Vindhyans, near Nawagarh, to the south of this basin, described by Mr. Ball in 
his papers on the “ Mahanadi basin and its vicinity "* 

Chilpi beds.—At the north-west corner of the basin, the route from the Bilas- 
pur plains to the Mandla plateau goes by the Chilpi chat ; and as it was on thin 
pass that they were first examined, the rocks now to be treated of may, for present 
convenience, go by its name. Mr. Medlicott has suggested the possibility of their 
being of lower Vindhyan age, and aa either lower than or partially representative 
of the sandstone member of the Chhattisgarh series. It was thought that Mr. 
Bose’s examination of the western side of the basin, in tho Saletekri range and 
its slopes, in so far as it took up a southerly continuation of the Chilpi rocks, 
would have cleared up all difficulties or obscurities in the way of settling their 
relations to the rocks of the plain; but, as already hinted, that examination was 
not sufficiently exhaustive. My march into Mandla, at the end of the season, 
gave another upportunity of examining the gh&t section; and this experience 
taken in connection with what I had already seen en passant at Ratanpur and 
sbout the Soti hill, enables me to connect in a distant way, the rocks of both 
areas and compare the relations of each with the plain series. 

As far as the Chilpi ghat and its immediate neighbourhood are concerneds 
there is no contact section: the strata of the foot-hills are separated from the 
limestones and shales of the plains by a belt, a mile or so in width, of alluvial 
deposits, and such seems to be the condition of obscurity all the way southwards 
along the western edge of the plain. Taking the section along the road to Chilpi 
from Borla village on the edge of the plain; the traveller's dik bungalow is 
built on grey or pale flesh-colored hard quartzite sandstones in strongish beds; 
somewhat pebbly and conglomeratic which are here exposed by denudation as a 
roll up from under the limestones and shales of the immediate neighbourhood. 
The small temple hill in the village consists of these latter rocks ; and to the weat- 
ward there is about a mile width of alluvial deposits. The road then rises gradually 
from the alluvial flat over brown and buff-weathering clay-slates, internally of 
dirty dark green color, constituting the main mass of the first ridges or foot-hills, 
their strike being about north-east—south-west, with a rolling or undulating 
general dip to north-west. To the southward of Borla, about the neighbourhood 
of Chahata and Gungho, just within the edge of the plain this strike has a more 
southerly trend; and here the clay slates are overlaid by thin sandstones and 
gravels with a rolling easterly dip, though, as usual, there is the tantalizing blank 
of alluvium and cotton soil between them and the limestones out in tho plain 
of Minminia. Chahata is on dark-green, reddish-brown weathering, coarse clay- 
slates, and these are tolerably well traceable towards Gungho where they gradu- 
ally become overlaid by rolling yellow and buff sandy and clayey shales, which in 
their turn are succeeded by thin sandstones and gravels, having an easterly dip. 


1 Records, G. 8. I., X, p. 172. 
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The difficulty is to say decidedly whether these shales come in over the clay- 
slates in conformable or nneonformable succession ; for the lie of the latter is not 
well displayed, and they could easily have rolled over from their high westerly 
dip at Chahata. My own opinion is that the shales and sandstones are uncon- 
formable, and they certamly do look very like the thin gravelly and shaly bottom 
beds at Ratanpur, and on the Hasdu. 

Taking up the road section again; it crosses the foot-hills by a winding 
course to the open valley of the Banjari stream, always over dark-green clay- 
slates (weathering buff-brown and reddish colors) with which are associated 
subordinate beds of harder compact claystone and—less frequently-—~beds of hard 
sandstone (quartzite) much stringed with white quartz. Similar rocks, with 
perhaps coarser and more sandy cleaved shales, sometimes weathermg a bright 
ferruginous red, fill up this valley and constitute the greater part of the ridges 
on 1ts western side, and beyond this occur traces of bard green quartzose beds, 
or grits, full of particles of white quartz and felspar or larger sub-angular 
fragments of granitic and crystalline debris. Then, at the foot of the old ghat 
or pass up to Rajahdar are massive, granular, and somewhat porphyritic green- 
stones, and red and green mottled brown trappoid rocks, in somewhat banded 
outcrops and apparently striking with the green quartzose grits, and slaty strata 
even higher up the pass. 

The strike over all this ground is about north-east—south-west, and the dip 
appears to be generally north-westward, though rolling and folding almost 
amounting to reduplication are evident. Towards the foot of the old ghat, how- 
ever, the strike trends round to nearly north and south. 

Following up the Banjari stream towards Palak, the change of strike becomes 
more quickly developed, until at the camping place it is south-south-east to north- 
north-west, with east-south-east dips. Here, too, there is a decided and sudden 
change from the clay-slates of the foot-hills to what would appear to be—from 
the dip—an underlying band of hard massive green white-speckled grits, 
associated with coarser and more massive cleaved shales and shaly grits, and clay 
slates. The speckled grits become, as the strike is crossed against the dip, 
coarser and. coarser in their contained debris, until a thick and strong band of hard, 
but irregularly-bedded, extremely coarse and heavy conglomerate is reached, which 
is best seen in the river north of the road. This band is a closely packed but 
very obscurely bedded mass of well-worn, rounded, sub-angular and angular 
fragments of various kinds of quartz, quartz-rock, quartzose rock, or fine quart- 
zite and quartz-sehist, hard green shales and cherts, through which are scattered 
small pebbles or rounded masses of white felspar. The speckled green grits 
above it are fuller of bits of white quartz and felspar; and when they are very 
fine grained and compact, they certainly have a sort of igneous look. Below, or 
to the westward of the conglomerate band, are further dark-green massive slaty 
bands, with softer slates at intervals, and there are also frequent outcrops, perhaps 
repetitions, of the white speckled grits. Towards the foot of the main ascent of 
the ght, indications of a lower easterly dip are frequent, and there is some undula- 
tion among hard thick-bedded massive slaty quartsose rocks. Next comes a long 
display of trappoids and dark-green masetve trap or greenstone; giving perhaps an 
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exaggerated view of their possible thickness, as the road keeps s good deal on what 
may be their strike, if they are associated in this way with the more manifestly 
bedded rocks of the foot and upper part of the pass. Near the top a heavy con- 
glomerate, exactly like that below at Palak, occurs with a westerly dip; and 
this rock is succeeded by the Lameta limestone and tho overlying basalts of the 
Deccan series. 

On the plateau, the basalts, after some distance from the edge, and to the north of 
Rajahdar, have been denuded along the valley of the Phen river, until the thin 
underlying Lametas again become exposed; while further down the valley there 
are occasional outcrops of a strong conglomerate answering exactly to that at 
bottom and top of the ghat. Thence westwards to Motinula, clay slates and green 
quartzose and compact schistose rocks are prevalent. Schistose micaceous sand- 
stone flags occur in the bed of the stream below Motinala, with a dip of 5° north- 
west; and similar sandstones and slaty shales are common in every small water- 
course of this small valley, rolling about at all angles. 

So far the Chilpi facies is clearly recognizable; but somewhat moro generally 
schistose, hornblendic and micaceous rocks come in over the Halon valley and extend 
to the Bichia basalt plateau, without however any sudden change, or any more 
steady strike or lie. On the other hand, in descending from the western edge of 
the Bichia plateau to the Anjania valley, the more generally massive and crystal- 
line gneissic rocks would indicate that the limit of the Ohilpis had been passed. 

In reviewing the lithological and stratigraphical conditions exhibited on the 
Chilpi ghat, as well as over the area of what are manifestly the same set of rocks 
westwards towards the Hasdu river, or again southwards in the Saletekri ridge, it 
is difficult to avoid noticing certain points which seem to militate against tho rela- 
tion suggested by Mr. Medlicott as existing between them and the Lower Vin- 
dhyans of the basin. 

In the first place, the Chilpi rocks have a decidedly different facies to those 
of the plain and its proper rim, while they seem to pass gradually or withont a 
break into more and more thoroughly sub-metamorphic rocks. I donot, however, 
here lose sight of the fact that in Mr. Medlicott’s Lurmi section, the junction 
between the crystallines of the Khathar hill and the slates and shales on its southern 
flanks is comparatively sharp. 

2. There are rocks on the Chilpi ghaét which can be very closely matched by 
those of the Ratanpur ‘old city’ hills and the Soti hill, where as I have alread y 
described, there seems to be a transitional facies emphasized by a strongly dis- 
cordant relation with the bottom sandstones of the rim of the basin. 

8. The Chilpi series occupies a broad tract of country, and though this may be 
shewn to narrow down in a gradual way to the Hasdu river, the strange fact re- 
mains—supposing they are Lower Vindhyans—that it should come in in such a 
marked and rapidly thickening manner at one side or corner of the basin 
either from under, or in association with a thinning out of an essentially sand- 
stone group which has been over the remaining two-thirds of the basin edge the 
absolute basal member of the Chhattisgarh Vindhyans, 

4, Although there is no known occurrence of the thin band of bottom 
sandstones (with shale intercalations) on the Chilpi ghat itself; an apparent 
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representative of them occurs to the south of Borla overlying, I think unconform- 
ably, the green clay slates of the foot-hills. Similar sandstones have been recog. 
nized still further to the south, but under the disadvantage of not as yet having 
been clearly distinguished from other sandstones which are associated with the 
slates and trappoids in the Saletekri hills. Nevertheless these questionable occur- 
rences have some value in this stage of the enquiry, in so far as they lend color to 
the expectation that a distinct and recognizable thin sandstone representative of 
the Chandarpur beds may exist all round the western side of the basin. 

5. The apparent parallelism of strike in the rocks of the plains, and in those of 
the foot-hills, can be accounted for by north-westerly crush of the easy-lying 
basonal beds against a series which may have already had somewhat of the 
strike exhibited in the Lurmi, Chilpi, and Saletekri slopes. 

There are other exhibitions not unconnected with the Chilpi rocks which 
might be referred to now; such as the occurrence at Sakoli of coarse conglo- 
merates, trappoids, and green rocks in the extreme southern spurs and prolonga- 
tions of the Saletekri hills, already known through the work of Messrs. Blanford 
and Ball, but they have not been connected up with the present work. 

I may point out, however, that Mr. Bose has mapped in a tract of rocks on 
the southern edge of the Raipur part of the field, separated entirely by crystal. 
lines, from those of the Saletekri hills, near Khussumkassa, which he considers 
representatives of the Saletekri, or in other words the Chilpiseries. The awkward- 
ness of this occurrence is that the relations of the bottom sandstones of the basin 
edge to those underlying rocks are not sufficiently displayed, or closely enough 
described by Mr. Bose, for the acceptation of the unconformity which might be 
inferred. 

The relations of the Chilpi series and the proper Chhattisgarh Vindhyans must 
therefore still remain an open question; and though I have tried as well as I 
could to put forward some of the points which strike me as not satisfying the 
requirements of Mr. Medlicott’s suggestion, it will be safer to hold by it until 
better evidence can be accumulated. 


Lowgr GONDWANA. 


The general limits of this formation in the present field have been long known 
through the work of Messrs. Medlicott, W. T. Blanford, and Ball, and papers 
by the two last authors on the numerous coal-fields have appeared from time to 
time in these records. Thus our later work has been little else but the filling in 
of unsurveyed intervals, or the ascertaining of details. 

A remarkable physica! feature in this region, paralleled in many other Lower 
Gondwana areas, is the generally straight south-western boundary, extending as it 
does with tolerable precision from the neighbourhood of Korba nearly down to 
Sambalpur. It is not proposed here to enter further into the general discussion 
as to whether such straightness of boundary is due to faulting in great part, or 
merely to deposition in a straight-sided valley or ‘basin ; but, as bearing upon the 
local feature, the fact of the occurrence of a small and hitherto unknown area of 
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Talchirs and Barakars actually within the Chhattisgarh basin is of considerable 
interest. ; 

This outlier occurs on the eastern flanks of the Gida hill, and being in tho 
plains, is at about the same level as, or very little lower than, the praper Mand 
valley coal-field to the north of the river pass. It occupies an area of about 
5} square miles; the Barakars, which are in contact with the Vindhyan sand- 
stones of the hill, taking up about half the space, while the Talchirs hade out 
from underneath them and fill up the remaining half, the latter resting on the 
red purple shales of the plain. Both groups are well displayed in the vicinity 
of the village of Kunkuni, lying with an easy dip of 5°—10°'west-south-west. 
Actual contact of the Barakars on the Vindhyan sandstones was not found, 
but the junction is so close at the southern end where the Balu stream issues 
from the central valley of the hill mass, and the baying-in of the sandstones 
over the easterly dipping quartzites is so clear that natural and easy contacts 
cannot be doubted. 

The Barakars resemble very closely those of the Raigarh-Hingir country 
but without any trace of coal that I could see, and they have near the base 
the same ferruginous flaggy and clay-stone band, giving lateritic weathering, which, 
here too, is worked for iron by a colony of lohars. The Talchirs are the usual 
greenish silts or very fine sands with occasional boulders of gneiss and quartzite, 
and at the southern end of the field a local exhibition of fine pale-yellow or buff 
sandy shales occurs in a bend of the Balu stream. 

I will not go so far as to suggest that this little field was once connected with 
the main area to the north; indeed, the character and lie of the rocks in the 
river gorge is rather against such a view: but there is no doubt that the condi- 
tions of deposition and subsequent movement must have been much the same 
in both areas, as well as in the more distant area of Talchirs and Barakars to the 
eastward in the Sambalpuri-Kodibuga valley near Raigarh. The only differenco 
in the occurrence of the groups in the latter region is that the Talchirs are not 
exposed on what may be called the off-side with regard to the Vindhyan sand- 
stone edge, but crop up at intervals where the Barakars have been denuded on the 
inside or next the hill ridge: but this does not alter the fact that here, as on the 
flanks of the Gida hill, the Barakars simply overlap natural-lying Talchirs by 
thickness of deposition against a rather steep wall of more ancient rocks, My 
examination of the Sambalpuri valley was very close, and it soon became cvident, 
that the boundary where the Talchirs are seen in close juxtaposition with the Vin- 
dhyans is not straight but wavy, and delineatable (to coin a word) as such on the 
l-inch map. Indeed, if general straightness were to be taken as at all conclusive 
of faulting, it might be doubted whether the straight limitation (always covered up 
by alluvium) between the Kamthis and Barakars on the opposite side of thia 
narrow valley were natural. The turning up of the Talchirs at low angles 
along the skirts of the Sambalpuri ridge of quartzites is, at the same time, 
really not more than is consistent with the peculiar filling-up and banked style of 
very many curious Talchir exposures, yet to be noticed, in other parts of the field. 

Talchire.—¥Further survey has marked out a strong development to the north- 
ward of Korba town, in the Chhuri, Mahtin, and Uprora zemindaries, and on 
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north-eastward into Sirgujah by Lakhanpur. On the Chhuri and Mahtin side, 
the formation fills up the bottoms of several long and deep valleys running be- 
tween high hills of gneiss, while there are also outlying patches of the character- 
istic silts and boulder-bed on the hillsand uplands ; and in this way the intervals— 
if indeed they do exist—which separate the Mahanadi tract of Gondwanas from 
that of the Son in South Rewah must be very short. In Uprora, the Talchirs 
are continued eastward and north-eastward by a narrow fringe bordering the 
northern edge of the Phutka mass of hills, and thence below the steep slopes 
of the Lakhanpur plateaus. 

The thickness over this part of the country is very unsteady : and the pre- 
sence of boulder-bed, or fine laminated shales, or fine silty sandstones is equally 
capricious. The floorof crystallines is most rugged and uneven; valleys, ravines 
ridges and bosses of these rocks having been filled up or covered over until 
the more even surface was produced upon which the succeeding Barakars were 
deposited. To the north-eastward, or at the foot of the Dulapur (3,169 feet) 
and Jaun (3,197 feet) range, the fringe is very narrow and of little thickness ; 
but further south or below the Samar (2,411 feet) cliffs, the boulder-bed and fine 
uneven-bedded sandstones are well spread out over the Arsena upland, with a 
most variable thickness, evidently filling up hollows which were as numerous and 
deep as the existing valley system of the head drainage of the Gandhar stream. 
The Arsena display is very curious and puzzling, for one could not be always 
sure that the frequent occurrences of very large masses of gneiss and granites 
were not in situ, or that the extraordinary amount of gravel and shingle 
associated with them was not merely Talchir debris. However, one soon meets 
with almost as frequent big masses of quartzite sandstone; while the different 
lithology of the crystalline masses becomes apparent: and in the end similar 
blocks are seen embedded in the fine silty sandstones forming the very steep 
sides of some of the minor valleys. 

As usual, there 1s no fixed horizon or level for the coarser or finer forms of 
deposition : fine sandstone, shales, or boulder bed may be met anywhere in the 
ravines or on the shoulders of the downs or rounded hills of this tract ; and the 
general facies is that of irregularly banked-up accumulations of fine silts, shales, 
or boulder bed having only very local lamination or signs of bedding. 

The small water-course rising on the Arsena side of the remarkable crystal- 
line ridge (with a dyke core of basalt), gives a fair display of the Talchirs as it 
flows down towards Lemru. The bottom rocks, plastered as it were overthe crystal- 
lines, are blue-green silts and shales full of pebbles and big boulders of all kinds of 
quartzite sandstones, hardened shales or clay-stones, and crystallines, not crowded 
together but scattered at irregular intervals, There is no steady lamination or 
bedding, merely a sort of inconstant or wavy arrangement indicative of irregular 
and interrupted sedimentation. The boulder banks are overlaid or succeeded by 
yellow-green and buff sandy shales—still holding'a. few boulders—which in their 
turn shade up into a very thick accumulation, sometimes bedded, of yellow and 
greenish sandstones. These last are succeeded by coarser sandstones, but without 
any passage being seen in any exporare that [ could find, which must be taken as 
Barakars. The low ridge immediately south of Arsena, for example, has ite summit 
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of thin-bedded brown ferruginous sandstones and grits of the lower Barukar type 
of the Hingir coal-field ; but they come in quite gradually and naturally over the 
Talchirs. 

Between Lemru and Deopani to the west, the out-crops of huge masaes of 
gneiss in the fine buff sandstones are so strong at times that some of them can 
hardly be other than knobs or crests of irregular ridges, once moro exposed 
through denudation of the Talchirs ; and this form of oceurrence is not so strange 
when the conditions of the very remarkable system of east-wost crystalline and 
basaltic ridges in Mahtin and Uprora is considered. The crystalline ridges un- 
doubtedly stood out very much, as they do now, in Talchir times; for silts, bonld ¢ 
bed, and sandstones can be seen in both regions lying flush aguinst the base of 
some ridges, even on both sides; as is more particularly the caso in the valley 
to the north of Uprora, and in the two long and narrow valleys leading west- 
ward from Mahtin to the Pendra upland: but the basaltic dykes forming some of 
their cores are of later age, for in other parts of the field they cut right up 
through the Gondwanas into contact or junction with the overlying Deccan trap. 

The lie of the formation is gencrally very easy ; but the different clevations 
within short distances, at which one finds bottom deposits, are apparently so great 
that it has been thought necessary by previous observers to call in more than 
ordinary elevatory forces to account forthem. The highest show of Talehirs im 
this field is on the Rer valley, near Meria, at about 2,500 feet over sea Jevel, while 
the nearest low-lying tracts of the same rocks are on the hoad-waters of the Mand 
near Rakhob, at an elevation of about 1,000 feet, with an interval of about 19 
miles horizontal ; or in other words with a fall of 1,500 feetin 19 miles. There is 
undoubtedly some faulting in the neighbourhood of Rakhob, but an average dip 
of not more than 11° is all that is required to carry the Talchirs of tho Mand up 
to their elevation onthe Rer. Much sharper differences of level, though.the ab- 
solute height is not so great, are frequent, according to the observations recorded 
by Sub-Assistant Hira Lal, in the Chhuri and Mahtin country ; but these are all, 
I think, explainable on the peculiar filling-up tendencies or ballusting powers of a 
ground-ice, or floating-ice formation such as the lower portion of the Talchirs 
appears to have been. 

The puzzle about the formation here is to say where it coases in an up- 
ward succession, or at what stage the overlying Barakars come in: all that one 
can be sure of is, the beingon Talchirs of the more typical form, or on Burakara 
of well-known and widely distributed type; and thus the boundary between the 
ttwo is to a large extent arbitrary, though after all it cannot be far out on cither 
one side or the other. I was enabled to follow the succession with fair closeness at 
two points : first along the bed of the Kesla tributary of the Dhongur river on the 
south-west skirts of the Phutka mass of hills in Korba; and next, down the 
Katora pass, from the Sirgujah high-lands tothe lower upland of Uprora, in the 
extreme north-east of our area. I was on undoubted Barakars with coal seams in 
the Kesla stream, and in following its course downwards, I passed, without once 
losing sight of rock, insensibly from great thick-bedded pot-hole-worn sand. 
stones to finer and finer-grained thick beds of greenish-yellow and buff sand- 
stones almost like some varieties of Talchir sandstones. Then after a blank of 
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alluvial deposits, the next rocks seen lower down the river towards Risdu are silis 
and the boulder bed. On the Katora pass, the interval between the undoubted 
boulder-bed and silty flags at the bottom near Bahue and the thick-bedded fine 
yellowish or buff sandstones of the lowest run of cliffs is much shorter ; but it is 
covered, as usual, on that side of the country by a talus of debris which has gathered 
below these cliffs. 

One other but isolated occurrence remains to be noticed of Talchirs and Bara- 
kars in tolerably close contact. On the head-waters of the Rer river, that is, on 
the upland to which the Katora pass leads, about the villages of Kesura and 
Merua, Mr. Ball had already distinguished Talchirs, or rocks which he considered 
lithologically undistinguishable from them. There can be no doubt as to their 
occurrence here, but the boulder bed is in such close and abrupt juxtaposition 
with thick-bedded fine sandstones of the type indicated in the last paragraph that 
the junction has certainly an appearance of unconfirmity about it. Unfortunately, 
I was here struck down with a sharp atiack of fever which necessitated my 
marching out of the valley as soon as I could be moved, so that the clearing up of 
this point remains over for a later visit. 

Barakars.—This formation is fairly distinguishable over most of the Korba, 
Mand, and Rer regions, while it possesses the valuable characteristic of being coal- 
bearing in several localities. Ball had already followed it out over the east side of 
the Mand valley and Blanford had traversed the Korba field ; while I have closed 
in the country between, carrying the coal-bearing horizon into the lower portion of 
the great Phutka hill block. There is no difficulty about recognition on the south, 
south-eastern, and eastern flanks of the mountains, where the slopes are long, giving 
good exposures of typical rocks; but it is not at all so easy to do this on the steep. 
cliffed north-western frontage, for in the first place I failed to get a trace of coal or 
carbonaceous shale, and the rocks themselves are not so clearly of the Barakar 
type. It turned out, however, that the lower line of cliffs is made up of thick and 
fine-grained beds like those of the lower reaches of the Kesla river, and the bottom 
of the Katora pass already referred to; and that the more usual form of Barakar 
sandstones is higher up in the cliffs or rather im the short terrace between the 
two tiers of cliffs, generally marking the north-west faces of the range. The 
key to this interpretation is afforded by the succession of strata as exhibited in the 
Mand valley below the western slopes of the Phutka range, particularly on the 
Bijakharra and Labed streams. In these sectionsa fairly well-developed seam of 
coal and carbonaceous shales is overlaid by softish fine-grained yellow or buff 
sandstone, dashed here and there with sheets of salmon and red colour. High, 
bluffs of this form of rock occur every now and then at the sharp bends of the stream, 
sometimes 50 feet in height, without a single bed parting; or if there be such, it 
is only for short distances. Often there is just a thin bottom layer or bed, 6 
to 8 inches in thickness, coming in over the blue and grey shales of the coal seam. 
The features of this variety of Barakar sandstones are thickness of bedding and 
fineness of texture. Up above and for some distance in from the face of these cliffs 
the rock is so soft and devoid of any trace of lamination that it might be taken for 
a, semi-hardened or cemented form of superficial deposit, In the Bijakharra river 
above the Kulgao-Phulzari crossing, one anay walk for a milp or se over coal and 
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carbonacious shales with the superincumbent thick-bedded, even-textured, fine- 
grained buff and yellow red-dashed sandstones rising up in clean cliffs on either 
side; and still further up, these are gradually succeeded by massive coarse and 
pot-hole-worn sandstones of the typo so prevalent in Hingir and in the Wardha and 
Godavari valleys. 

This soft lower member is traceable on northwards to Amaldiha at tho head of 
the Mand valley, and is recognizable again in the Matringa valley of the Sirgujah 
upland on the head-waters of the Rer. Indeed, the constitution and texture, 
and fair horizontality of these rocks has contributed greatly to the peculiar 
terraced contour of the bottom of the Matringa valley: the steam runs in what 
looks exactly like a terraced alluvial plain at the bottom of a long and wide 
mountain valley, but the terrace is of these soft Barakar rocks which give the 30 
to 50 feet step to the proper river plain. The villages of Matringa, Mecrua, &c., 
the cultivated lands, and all the beautiful stretch of sal jungle are on this ter- 
race and overlook as froma vantage ground the lower flat with its winding 
river. Similar strata terrace the valley of the Borki tributary of the Rer 
to the westward, up which the road to the Katora pass runs; and ovor that pass 
and down its western slopes in the Bahue valley the same beds are again found 
forming a terrace step and cliff descent of nearly 2U0 feet to the underlying 
Talchirs. 

Kamthis.—The Barakars of the basal portion of the Phutka range are gra- 
dually succeeded by a great thickness of more opoen-grained coarser-textured 
and often pebbly, generally white or purple-streaked felspathic sandstones, with 
frequent intercalations of white clays, in moderately thick and well-defined beds ; 
the only sign of a break or passage being the occurrence of a badly-defined band 
of varying thickness of brown-weathering ferruginous sandstones which may 
be taken to represent the more generally surface-exposed tracts of red and, brown 
Kamthis in the Hingir-Raigarh country, The pale colour and wonderfully 
pebbly constitution of the upper strata led me at first to suspect that the 
higher parts of the hill mass might turn out to be of Upper Gondwana rocks: 
but thé occurrence of much crushed, though recognizable, specimens of Vertebraria 
in the white clays of the Guarduari (3,250 feet) hill effectually stopped this 
expectation. 

That the brown ferruginous band of sandstones marks the basal portion of 
the Kamthis in the Phutka range, is pretty evident from the fact of Mr. Ball 
having been able to distinguish his Hingir or ‘upper sandstones’ (Kamthis) 
up to and across the Mand river, as far as the little Gumar plateau; and from 
my having carried the same rocks into the larger Jobi platcau and thence after 
an intervening plain of Barakars, into the Kakaigadra (1,602 feet) group of 
low hills, about Nunbira and Sendrapali, forming the extreme end of the 
southern spurs of the Phutka range. Similar brown sandstones make up the 
lower parts of the loftier Raka and Bitrahi group, and are there succeeded or 
overlaid by paler-coloured white or purple-streaked open-textured and coarse 
pebble.seamed beds with white clay intercalations, containing Vertebraria. 

I did not come across any section showing actual contact of the Kamthis 
on the Barakars, but there always appeared to be perfect conformity between 
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the two. On the other hand, overlap is very clear at this southern end ef the 
Phutka spurs, there being only a very narrow strip of Barakars in the Sendrapali 
and Dongama plain below the low Kamthi scarps of the Kakaigadra range, 
and this is edged on its south side by a thin fringe of Talchirs next to the rising 
ground of crystallines on the flanks of the Pipra ridge. 

The apparently diminished ferruginous element in the Phutka Kamthis is very 
marked ; while there is little, if any, sign of the red clays socommon in the Hingir 
country. This may arise in great part through insufficient exposure and denu- 
dation, or from the overpowering influence of the greater thickness, sometimes in 
great scarps, of lighter or paler coloured rocks, and the very large amount of their 
debris scattered over the lower slopes. It must also be remembered that the best 
exhibitions of ferruginous strata and red clay bands must necessarily be where 
denudation has laid bare extended plateau surfaces of those particular members, 
as is the case in the Hingir country. <A rather prominent form of debris, 
scattered about the skirts of the Phutka range, consists of huge fragments of a 
pale-red clayey form of laterite which seemed to point to the existence of red 
clay bands; but this soon turned out to have fallen from the capping of laterite, 
or a lateritized form of weathered trap occurring on many of the loftier flats 
of this mountain mass, at levels of from 2,000 to over 3,000 feet. 

At the same time, there is an almost absolute thinning out of the lower brown 
ferrnginous member on the northern flanks of the Phutka range, or more especially 
in that deeply eroded portion of it joining on to the Sirgujah plateaus over- 
looking the Rer drainage. 1 always passed on that side of the country, wherever 
there is a gap in the hills, from Barakars of the fine-grained type to coarse and 
harsh open-textured grey or pale buff and white purple-streaked sandstones, having 
frequent seams of gravel and large pebbles of white or glassy quartz, without 
seeing a trace of the harder brown beds. 

Boring Exploration in the Rampur Ooal-Field.—The most important practical 
feature of the great tract of Lower Gondwanas fringing the eastern side of the 
country treated of in this paper, is of course the occurrence of coal at several 
points. The thick carbonaceous outcrops of Korba are well known as giving 
promise of fairly good fuel, but the place is still far out of reach of probable 
railway traffic. Then, again, the Mand Valley gives very favourable exposures at 
several places, as in the bed of the Bijakharra stream already referred to, or at 
Amaldiha at the northern end : only in these cases, also, the present inaccessibility 
of the region is against all prospect of development. 

At the south-eastern extremity of the area however, within about 40 miles of 
Sambalpur, the rather large field of Hingir, reported on so many years ago by 
Mr. Ball,’ lies right in the track of the proposed Chhattisgarh railway, under 
which circumstance its development becomes as it were a necessity. I was 
deputed to examine this field during the season before las} with a view to select- 
ing sites for boring, the results of my survey bemg given in the Records of 
August 1884 (Vol. XVII, p. 123). An Assistant Mining Engineer, Mr, T. G. 
Stewart, already favourably known through his borings in the Narbada Valley 


1 Records, VIII, p. 102. 
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and at Umaria, in South Rewah, was then placed under my guidance by the 
Central Provinces Government. I had divided the rather large and somewhat 
unapproachable area into several sections, the most favourable, as far as contiguity 
to the railway trace is concerned, being that on the valley of the Lillari, partly in 
Hingir and mainly in the Rampur zemindari; and itis on this that the boring 
exploration was commenced in what is now officially designated the Rampur Coal- 
field. 

All the surface indications point to the probable occurrence of two rathor 
thick bands of carbonaceous deposits, the lower—some 50 to 60 feot thick—being 
well displayed in the river near the village of Durlipali, while two outcrops of 
coal higher up the stroam, about Bonjari and Kuliabahal, point to the upper; and 
as it appeared to me that the latter outcrops are moro promising than that of 
Durlipali, and that it would be possible to strike their coal by bore-holes within 
a convenient distance of the proposed railway station at Hingir road, I determined 
to try this band first. 

The borings were selected near the villages of Girandola and Chowdibahal on 
what I took to be—for much of the rock is covered by superficial deposits— 
either the uppermost beds of the Barakars or the lower red-clay zone of the 
Kamthis. As it turned out, all the borings, six in number, were started in the 
red-clay zone, through a greater or lesser thickness of which five of them were 
run down into the carbonaceous band beneath. Two of the holes were abandoned, 
but four were run down to depths varying from 225 to 287 feet. These four 
bore-holes (Nos. 1, 2a, 3, and 4) enclose a sort of triangular area of about half 
asquare mile in extent: No. 1 being at the southern apex, No. 3 nearly a mile 
due west of it, and No. 2a being about half-way between the two; while No. 4 
les more than half a mile northward of No. 1. The dip of the strata is low to 
north-westward, perhaps just here rather more to the west-north-westward ; occna- 
sionally, indeed, it must be quite flat, or nearly so, though it is mostly at an anglo 
of from 5° to 10°. No. 1 bore-hole was run down 225 feet right through the 
upper band of carbonaceous deposits, or, at any rate, a good part of it which it 
entered about 30 feet from the surface and left at 219 fect when the chisel began 
to cut into white sandstone. Three seams of 6, & and 4 fect of coal, besides 
others of inferior thickness, were met with in this band; but though tho 
samples brought up were favourable-looking enough, laboratory assay proved them 
to be quite unfit for railway purposes. That taken from the 6-foot scam, at 77 
feet from surface, gave the following analysis :— 


Moisture . . ‘ ; ; ‘ ; ‘ ‘ ‘ ; 10:00 
Volatile matter, exclusive of moisture. : ; P : ; 24 50) 
Fixed carbon : : ; ; ‘ . : : ; 29°90 
Ash . . . * ° e e e e ry * e 35°60 

100°00 


Does not exnke. 
Ash, pale-yellowish brown. 


Another sample from the 8-foot seam, at 142 fect from surface, assayed fout 
by foot, gave the further depressing result. 
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In the meantime, that is, while these assays were being made, the other bore- 
holes were being carried out; and further samples from them of what appeared 
to be the same seams were discarded through showing no signs of improvement, 
or sent down to Calcutta. Among them, the following scarcely better result was 
obtained from a 6-foot seam in No. 4, at 69 feet from surface, the seam indeed 
which appears to correspond to that at 77 feet in No. 1, 174 feet in No. 2a, and 
183 feet in No. 3; in all of which and in the continuations of the other seam of 
No. 1, we failed to strike any better coal. 


No. 4, 69 feet from surface, seam 6 feet thick ; foot by foot. 
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There seems no doubt whatever but that the upper 6-foot seam is fairly con- 
stant in thickness, and, unfortunately, in quality also throughout the area tried. 
The still lower seam of 8 feet at 143 feet in No. 1 hole appears also to have 
been struck at 221 feet in No. 2a; 248 feet in No. 3, and 128 feet in No. 4; but 
it is not at all so constant in thickness or so even in constitution. The lowest 
seam in No, | isapparently represented in No. 4 by a 4-fuot seam : there is no im- 
provement in quality. 

It may seem rash to judge, from so small an area as that now bored, of the 
probable or possible condition of the lateral extension of the seams so proved ; but 
considering, as I do, that some of them represent the upper outcrops on tho Lillari 
river, I think I am justified in arguing concerning their condition from a really 
much larger area than that merely included within the three corners actually 
tested ; and so from what they and these outcrops’show, and from what I have 
seen of the rocks round the eastern skirts of the Hingir plateau, the conclusion is 
forced upon me that there is no fair ground for hope that the seams of this upper 
band of carbonaceous deposits can improve laterally or to the deep within a work- 
able depth (for Indian collieries) in this Lillari section at any rate. 

There still remains, however, what may be a considerable thickness of Bara- 
kars between the horizon now reached and the lower band of Durlipali, in which 
there may be workable seams ; and this must now be searched. For instance, the 
horizontal interval of country between the Bonjari outcrop and that of Durlipali 
is a long one, fully 2 miles, which, if the lie of the strata be at all regular and 
constant, would at so low an average angle as 8° give 1,450 feet of rock. At the 
same time, from all that can be seen of the behaviour of the rocks in the neigh. 
bourhood, the indications seem to favor the conclusion that there cannot be such 
a great thickness: and that the Durlipali band is carried under the Bonjari 
horizon at a somewhat lesser depth by an anticlinal or arched wave of the strata. 
It is possible, therefore, that an idea of the quality of any lower seams will be as- 
certained by the new bore-holes at a lesser distance south-eastward of the now 
proved tract than the interval and apparent dip would imply. 


Deccan Trap SERIikEs. 


The coarse pale-colorcd upper member of the Kamthis in the Phutka hill mass 
and the high plateaus on the edge of the Sirgujah upland were pared down by 
denudation to a tolerably even surface on which the basalts of the Deccan trap 
period were subsequently laid down. Only small remnants of this basaltic covering 
now exist in the area under consideration, and these are entirely separated by a 
long interval of crystallines from the great connected area of this formation, the 
eastern extremity of which is at Amarkantak. Mr. Ball had already mapped 
in some of the basalt cappings of the plateaus around Matringa, and I have added 
to these: he also noted the occurrence of trap dykes about Amaldiha and 
Rakhob at the head of the Mand valley. The trap cappings are not very thick, 
50 or 60 feet at the most, but they consist also to a certain extent of laterite 
the true relation of which to the basalt is not clear and must be worked out 
perhaps on the larger plateaus, such as the Main Pat immediately to the east- 
ward of the Matringa valley. So far as I could ascertain, the upper portions of 
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the cappings are either laterite altogether, or only partly so; and from what I 
have seen of the laterite on the edge of the Mandla and Amarkantak plateau, 
it certainly seems to me that the rock here is in both regions very often, if not 
altogether, a lateritized form of weathered or decomposed basalt or other volcanic 
rocks. 

The higher portions of the Phutka range were not traversed in any detail, 
so that I am not sure whether some of them may not be capped by basalt; but in 
the general absence of trap debris in the valleys I should question whether there 
be any of much importance. At the same time I know of a few cappings which 
are apparently altogether lateritic. 

The trap dykes cutting along and up through the Gondwanas of the valleys 
and slopes are marvellous in their length and the height to which they run up 
the lofty slopes into what appears to be absolute contact with the basalt cappings. 
My observations of the junctions, owing to illness and lateness of the season, do 
not unfortunately possess that accuracy required for the complete settlement of the 
question of junction, the bearings of which on the question of the fissure eruption 
mode of discharge of part at least of the great Decean flows is of the greatest im. 
portance. Nevertheless, I am inclined to be almost positive that the great dyke 
striking about west-north-west—east-south-east past Lemru, in Uprora, does 
actually cut right up through the Sumhaulata hill (over 3,000 feet) into junction 
with its basaltic cap. Again, in the Stump hill of the same group, the eapping 
trap certainly appears to be in junction witha great buttress of similar rock stand- 
ing out in clear relief from the lofty sandstone scarp on the eastern face, the 
buttress being also apparently continuous with a run of trap outcrops on the spur 
leading down to the Amaldiha dykes. 


Report on the Bengal Harthquake of July 14th, 1885, by C. S. Mrippiemiss, B.A., 
Geological Survey of India 


A preliminary account of this earthquake, by Mr. H. B. Medlicott, Direc- 
tor of the Geological Survey, has already appeared in the 
preceding number of the Records, briefly setting forth 
what inferences could be drawn concerning it from such information as was then 
at hand. Since then, from data personally gathered on the spot in the region 
of greatest violence, and from all available newspaper reports, I am able to put 
the following facts and deductions on record. 
Taking its rise in Bengal, this earthquake of the 14th July was felt with vio- 
lence throughout that province. It extended westwards 
Ree on enter into Chota Nagpur and Behar, northwards into Sikhim 
and Bhutan, and eastwards into Assam, Manipur and Burmah. The area over 
which it was sensibly felt may be roughly laid down as 230,400 square miles. 
An irregular ellipse drawn through Daltongunge (in Palamow), Durbhanga (in 
Behar), Darjeeling, Sibsagar, Manipur and Chittagong will give the external 
boundary of that area. Within this, again, another irregular figure may be drawn 
through Calcutta, Sitarampur, Monghir, Purneah, Siligori, the Garo hills, 
Chattack and Barisal, which will enclose an area over which the shock was felt 


Introductory. 
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with such considerable violence as to shake loose objects, rattle windows, aud 
produce small cracks in double-storied houses. Finally, we have another figure 
within this bounded by Rampur, Bogra, Sherpur (Maimensing District), Mai- 
mensing, Dacca and Pubna, where destruction to buildings is greatest and loss 
of life has occurred. 

I shall now proceed to describe the results of an examination of the last-mon- 
tioned district, where it was hoped that somo reliable data would be obtained, 
judging by the accounts of fallen chimneys, and fissured housos which had ap- 
peared in the newspapers. 

It is of course unnecessary for the purposes of a scientific journal to enter in- 
to lengthy accounts of damage to property and demolished 
towns, however great and terriblo that loss may be; con- 
sequently it will readily be understood that such objects as are mentioned below 
are not chosen because of their size or magnificence, or because of the lakhs of 
rupees represented in their ruins, but, sulely because either from their form, posi- 
tion, or from som> other accidental circumstance, they best illustrate those points 
in connection with the earthquake which are of the greatest use to the scientific 
investigator. 

In an exainination of a country devastated by an earthquake, there is sure to 
be a great deal of evidence which at first sight appears to bo contradictory, partly 
because of complications in the structure of the objects from which such evidence 
is taken, and partly because of the reflections and refractions of the earth wave, 
which hinder in some degree the search after the true centre of disturbance. 
And on the other hand, certain classes of objects, such as chimney-stalks, towers, 
temples, and tombs, by their form and isolation, are evidently much better suited for 
observation than complicated double-storied houses with verandahs and innumer- 
able doorways, windows and arches. For this reason, I shall divide the series of 
examples of the effects of the earthquake into two groups; the first of which will 
comprise all the more trustworthy cases, and the second those of a more doubtful 
value, together with certain exceptional phenomena. 


Treatment of subject. 


(I).—Ezamples of firet importance. 


On arriving at Serajganj, I found it to be one of the towns which have suf- 
Chimney-stalke of the ferred very severely from the earthquake. It may not be 
Serajganj Jute Com- outof place, for the benefit of foreign readers, to briefly state 
mek that the native town and the European houses in Hastern 
Bengal are both built on two entirely distinct plans, and with entirely different 
materials. One style of house is single-storied, erected by driving roughly-shaped 
tree trunks or wooden posts into the ground, filling in the interspaces with split- 
bamboo mats, and throwing a highly-pitched thatch roof on to bamboo rafters ; 
the whole of the latter being held in position by means of ropes and thongs at- 
tached to the main posts. These bamboo grass honses are well calculated to stand. 
the stresses due to an earthquake shock on account of their ready pliability. The 
other kind of house, though differing architecturally according as it is of native 
or European design, agrees in having brick walls, frequently raised to two, and 
sometimes to three, stor covered with plaster or stucco, and usually bearing « 
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heavy solid flat roof of brick and cement surrounded by a parapet. These houses 
have all been badly rent, sometimes beyond repair, or even ruined. There is also 
occasionally a kind of house which partakes of both the above described styles, 
having brick walls and a thatch roof, and there are, in addition, many huts of dry 
mud and thatch belonging to the poorer natives. Both these kinds have suffered 
very much, for the former, whilst possessing all the defects of unpliable walls, has 
none of the advantages of a strong fiat roof to tie them together, and the latter 
of course readily cracks and crumbles on account of its material lacking coherency. 

Most of the Europeans at Serajganj, which is a very small station, had left 
their solid-built dwellings, and were living in bamboo houses and offices. The 
former were too much split to allow of remaining in them with safety, especially 
as repetitions of small shocks daily indicated that the disturbing forces at work 
below were not yet in a state of complete equilibrium. I shall return to the 
house cracks later on, at present dealing only with the chimneys. 

The two chimneys of the jute works (see figure 1, which is reduced from the 
original plans, kindly lent me by Mr. Allister Macdonell, the owner of the mill), 
were both broken by the earthquake. The heights of the mill and factory chim- 
neys were 135 feet and 95 feet respectively ; and 40 feet from the summit of the 
larger and 11 feet from the smaller were shot away. 

Mr. Robertson, the manager, was fortunately an eye-witness from a position 
between the chimneys at the time of the earthquake, and 
he asserts that there seemed to be a sudden thrust from 
below, by which the upper part of the south chimney was first shattered, and 
jerked off ; and for some time a shower of bricks and mortar continued to fall all 
round the base. A moment after the large chimney had gone, the factory chim- 
ney to the north was affected in exactly the same way; its upper part being 
jerked off into the air, and a shower of bricks subsequently descending 
from the broken edges. If these impressions are to be relied on, two points 
of importance come out, (1) that the earthquake wave with a steep angle of 
emergence shot away the upper parts of the chimneys by its first and second 
semiphases combined, but was unable to overturn them as wholes, because of 
their flexibility, which would considerably relieve the strain, and because of 
their breaking above, which would further ease them; and (2) if the south 
chimney was the first to fall—and there seems no reason why a very slight 
difference in the order of breaking should not have been appreciable by the 
eye—then it is clear that the shock must have come from some point generally 
speaking towards the south: it is in fact easy to demonstrate that the difference 
in time of the arrivals of the shock at the two chimneys would have been appre- 
ciable. For the chimneys are 338 feet apart, lying very nearly north and south: 
now Mallet gives &25 feet per second as the rate at which a wave of elastic com- 
pression travels through sand, and though the soil at Serajgunj is clay and sand 
combined, it would certainly not be a much higher rate than this. Hence about 
$ths of a second would have been consumed in travelling between the chimneys, a 
period of time well above what can be detected by the eye. In reality, however, 
some small reduction on this value must be made on account of the probable 
direction of the shock being something east or west of south, a condition which 


Mr. Robertson’s account. 
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would have diminished the time occupied by the wave in travelling between the 
chimneys. 

I now come to my own observations of the ruins. The large chimney, the 
only one which had been in use for some time, I found had 
been hastily repaired by knocking away the loose bricks 
at the top and putting on a temporary coping, The old factory chimney had 
been left untouched while this work was going on, and I could examine every- 
thing in the state just as it was immediately after the earthquake. The broken 
surface I found was exceedingly jagged and irregular, with its highest part 
towards the north-west, a feature agreeing in every way with the statement 
of Mr. Robertson, that the edges, during the secondary vibrations, crumbled away, 
and not by any means presenting the appearance of a clean cut fracture. From 
photographs of the large chimney, I was able to see that its original state before 
the repairs was very much the same as that of the small chimney. On the other 
hand, at about middle height of the chimney, there was a very distinct crack, 
showing on the east-north-east and north-north-east faces of the factory chimney 
which is an octagon in section. The crack was such that, roughly speaking, it 
might have been made by a plane of fissuring, which for convenience, and in con- 
formity with geological nomenclature, we may speak of as “ dipping ” towards the 
north-west. The same was observable in the mill chimney. The angle of dip 
would be steep, perhaps 60°, but owing to the great height of the chimneys, a 
reliable observation could not be made. Anexamination of the debris around the 
base of the factory chimney brought out many points of interest, and corroborat- 
ed the account of Mr. Robertson. I found the ground so covered was elliptical 
in shape (see fig, 2), with its long axis running north-40°-west and south-40°-east ; 
but whilst in the former direction the fragments extended 29 feet from the bage, 
in the latter they only extended 25 feet, showing that the mass of the material 
had gone over towards the north-west. And besides, there was a very conspicu- 
ous difference in the nature of the fragments on either side. Towards the north- 
west, the broken parts of the chimney were to some extent coherent in them- 
selves, being made up of groups of 20, 30, or 40 bricks still showing traces of the 
shape of the walls; but in the opposite direction nothing but individual bricks, 
and. fragments of bricks could be found. Again, towards the north-west, some 
2 or 3 feet from the outermost edge of the debris, we came upon the broken 
remains of the iron coping. Thus we have very clear evidence from the ruins, 
that the mass of the broken part of the chimney, together with the iron coping, 
fellin the direction north-40°-west, whilst only bricks and mortar, loose or broken, 
fell towards the south-40°-east. The mill chimney, though not so adapted for 
observations on account of the debris having been cleared away, nevertheless 
gave some information from the circumstance that in falling, the broken part had 
crashed through the workshop roof and parapet. As in the preceding case the 
area of the debris, or marks of the debris, was elliptical, but with the long axis 
running in this case nearer north-north-west and south-south-east, though these 
directions were not got so satisfactorily as in the case of the factory chimney. 
Here, too, the broken roof showed that the fall had been much greater towards 
the north-north-west ; for up to a distance of 32 feet from the chimney the roof 
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was broken-in in that direction, whilst in the opposite one the bricks were only 
scattered on the ground 17 feet from the base of the chimney. The iron coping 
in hike manner was found towards the north-north-west, in a position pointed out to 
me by the manager, where it had penetrated through the roof into the workshop. 
Now putting these colligated facts together with the statement of Mr. Robert- 
eduction: son, we may from them draw the safe conclusion that the 
shock came from the direction south-east or south-south- 
east, and shot the bulk of the broken part of the chimneys over towards the 
north-west or north-north-west. 
The cracked condition of these form the next piece of evidence which I place 
among those of first importance. They are small Hindu 
Peer aie - shrines to the god Siva, octagonal in shape, the height 
being usually two or three times the diameter; and either 
entirely isolated, as the one shown in fig. 3, or with sometimes a porch on one 
side. In every way they were good subjects for observing the direction of the 
cracks, for their solidity and symmetry prevented the fissures from being in- 
fluenced by any pre-disposing lines of weakness. _ The diagram, fig. 3, shows the 
general appearance of a couple of cracks in one of these temples. They were 
exceedingly well-cut fissures, and discernible at a good distance. The dip of the 
fissuring plane was 45° north-west. In two more examples of temples of the same 
build and size, except that a porch was attached to one, I found fissure planes 
respectively dipping west-north-west at 55° and 60°. Attaching a little more 
value to the evidence of the first temple, inasmuch as it was more decidedly rent 
than the others, we may take as relative means north-50°-west forthe direction, 
and 50° for the angle, From these we get south-50°-east as the direction from 
which the earthquake shock came, and 40° as the angle of emergence at that 
place. Besides the temples, there were some good examples of house corners shot 
away, generally in a north-west direction, the fissure plane making an angle of 55° 
with the horizon in some places; but as a rule among the 100 destroyed houses 
at Sherpur, the collapse was so complete, owing in a great measure to the build- 
ings being old, that neither directions nor angles could be obtained. Since 
Sherpur lies to the north-west of Serajganj, we may take it that the observa. 
tions there corroborate the truth of the conclusions drawn from the jute works’ 
chimneys, whilst in addition we get a rough estimate cf the angle of emergence 
for the alluvial soil of Sherpur; though this, it must be remembered, will 
probably be steeper than the real angle owing to refraction in passing from the 
highly elastic solid rock to a clay stratum of very low elasticity. 
Hearing, when at Maimensing, that a tomb had fallenin the Jamalpur ceme- 
tery, a report considerably qualified by the fact that an 
aca cl ae had can issued for i to be cleared away, I hasten- 
ed to that place, and fortunately arrived before the order had been carried 
out. It was a small cemetery, containing some ordinary graves, and this op? 
large tomb, erected in 1837 to Anne, the wife of Major Coxof the 58th N.I. The 
erection consisted of the tomb proper, a rectangular raised sarcophagus, surronnd- 
ed by eight pillars in a circle, and covered by a hemispheroidal dome, or canopy. 
The whole was built of brick and stucco, and representa a common form ef tomb 
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in Eastern Bengal cemeteries (see fig. 5). The appearance, when I saw it, was as 
shown in fig. 6; the pillars had all fallen in one direction, and split up into various 
lengths; whilst the great heavy canopy had fallen towards the south-10°-east, 
and coming into violent collision with the low wall of the cemetery, had split into 
several pieces, some of which fell into the road beyond, and the rest lay, partly 
on the foundation base, and partly on the ground between it and the wall. The 
tomb itself was uninjured, except at the upper corners, doubtless by the canopy 
just grazing it as it fell. A glance at the elevation, and the overthrown 
state, will at once illustrate the manner of its fall. The weight of the massive 
canopy, and the slenderness of the pillars, make it clear that the inertia of the 
upper part ‘of the mass was sufficient at the time of the earthquake to prevent it 
moving along with the pillars, and consequently the tomb fell in the direction 
from which the shock came. 

The following are the dimensions of the parts and adjuncts of the tomb, 
gathered from the ruins themselves :— 

Base, 12 feet 10 inches square; 9 inches thick. One side faces north-3°-cast. 

Tomb proper, length from east to west 4 feet 43 inches; breadth 3 feet 44 
inches ; height from base 6 feet. 

Pillars (8), 6 feet 10 inches high ; 1 foot 8 inches in diameter. 

Stone capital on each pillar, 2 inches thick. 

Circle of pillars, diameter of outer edge 11 feet 4 inches, equal to diameter of 
canopy. 

Height of hemispheroidal canopy 5 feet 8 inches; thickness 1 foot 7 inches. 

I shall discuss the figures later on in their bearings on the velocity of the 
wave particle, together with the data afforded by the chimneys at Serajganj, at 
present merely drawing attention to the fact that the line of the shock, north-10°- 
west and south-10°-east, when laid down on the map, is seen to cut the line from 
Serajganj at a pomt between Dhamra and Atia, on the south-west side of the 
Madhapur jungle. This gives us approximately the position of the seismic vertical. 

This example is put with those of first importance, because the nature of the 

_ construction was such as to favour overthrow by reason 

posee ty arches, Mukti- Gf its inertia ; and notwithstanding the fact that the con- 

clusions which may be drawn from it contradict, in some 

degree, those previously arrived at. The arch is a brick and stucco arrangement, 

and, as will be seen from the diagram (fig. 7), very problematical in its uses, since 
it supports nothing whatever. There is a duplicate one some 30 or 40 yards 
away, and both open into a garden belonging to a local zemindur. As both have 
been affected similarly a description of one will be sufficient. The gateway faces 
south-13°-east, and when I saw it the arch had been cut clean off on a level with 
the top of the gate-spikes. The fragments were piled in a heap on one side, 
but from the freshly patched indents on the cement pathway, and from the broken 
ikes, it was evident that the falling arch was not displaced horizontally to any 

» a extent in a direction at right angles to the gate; but that, probably snap- 
ping into two or more fragments, it dropped nearly vertically down on to the gate 
spikes, but with sufficient leaning towards the south side to turn all the fragments 
in that direction. The indents however were not situated midway between the 
gate posts, but more towards the east than west, showing that the shock was not 
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orthogonal to the plane of thearch. From the gate facing south-13°-east, and the 
obliquity of projection of the fragments, we must look for the destroying forve in 
a south-east direction. But Muktigarchia stands nearly north-north-east of the 
seismic vertical already obtained on the best evidence ; and the only way for the 
apparent contradiction to be reconciled is either by the assumption of another 
minor centre of disturbance south-east of Muktigarchia, or of a reflected wave. 

This was one of a kind similar to those mentioned at Sherpur, but slightly 
more lofty, z.e., a Hindu shrine to Siva, octagonal in form 
and with a conical apex. A fine, but perfectly distinct 
crack, was discovered cleaving through the lower story. Viewed from the inside 
where it was seen better, the highest point of the crack was seen to be at the 
south-south-west angle. Hence the fissuring plane would dip towards the north- 
north-east. The angle was low, about 35°. This gives a direction for the shock 
south-south-west, and a very high angle of emergence. The direction, when laid 
down on the map, is seen to cut the point already obtained as the seismic vertical, 
It should be mentioned, however, that a heavy brass water-vessel, threaded on an 
jron rod, which forms an ornament for the summit of the conical roof, was bent 
over towards the south-east at an angle of about 60° with the horizon. It was 
prevented from falling by a heavy chain attached to it, and which hung down 
from the roof in the interior of the temple. I was unable to learn whether the 
ornament was free to turn on its base, as on @ pivot, or not, and so the value of 
the direction here indicated is lessened by the doubt that it might have had a 
rotatory motion given to it, and eventually have settled into its present position 
quite irrespective of the direction of the shock. 

This brings to a conclusion my examples of the first order of importance. 
Those of secondary importance, and some few exceptional phenomena, will be now 
described. 


Temple, Maimensing. 


(1I).—Ezamples of secondary importance. 
The mill being a rectangular building, with one wall facing externally 
towards the south-68°-east, it will readily be seen that 
the direction of the earthquake shock, as obtained from 
the chimneys, was very nearly diagonal with regard to 
she four main walis of the building. It is probably due to this circum- 
stance, and to the fact that iron tie-rods are used throughout to bind the walls 
cogether, that comparatively little damage has been done; though it should not 
9@ overlooked that a mill, with the jar of machinery constantly throwing every 
yall into a state of tremor, would be much more likely to stand an earthquake 
wremor than any other building that was, so to speak, not so accustomed to vibra- 
ions of its parts. Such damage as has been done is just in the position we should 
xpect, From the circumstance that the shock was diagonal to the main walls, 
ve may imagine it resolved into two equal component shocks, each at right-angles 
o one set of parallel walls, and each doing abont the same amount of damage. 
3ut whereas the east-south-east and south-south-west walls? are those which 
rould tend to be driven inwards by the shock, and would be supported by the 
eighbouring walls to a large extent, the north-north-east and west-north-west 
valls being respectively driven outwards by the shock, and having no walls in 
WB -cast wall means 2 wall facing cast-south-east. 


Wall cracks, Serajganj 
Jute Works. 
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that direction to support them, it is more than probable that they would be the 
ones to crack. An examination of the building shows that this has been the case. 
The north-north-east wall, between the mill and the factory, but quite unconnected 
with the latter, and so unsupported by it, has a line of crack near its junction with 
the roof running the whole length of the building ; whilst on the west-north west 
side of the mill, the wall between it and the ‘softening-room’ is also cracked for 
about halfitslength. Another parallel wall, east-south-east of the ‘ baling-house,’ 
in connection with the mill, has similarly started a crack, which, dipping at an angle 
of 50°, penetrates the line of arches running down the centre of the said room, and 
this is crossed by another, parallel in strike, but dipping at right angles to it. 

I take this as another example of wall cracks, partly because it is the largest 
house in the station, and has been the most decisively 
cracked ; and partly because, unlike the mill, it lay with 
its walls fronting, or at right-angles to the direction of the 
shock, and well exemplifies, both in the direction and magnitude of the cracks, how 
much more severely a house thus lying is shattered, than one lying diagonal to the 
shock. There is no impediment in this case to the house freely rocking to the 
shock, but the momentum thus accumulated becomes fraught with great danger 
on account of the unpliability (practically speaking) of the walls in such struc- 
tures. The house is a double-storied one, in the Calcutta style, with a lower and 
upper verandah facing south-52°-east. As in all cases of double-storied houses, 
the upper part has been the most damaged; for such rents as go completely 
through the house from top to bottom, are wider above than below, and there are 
many others which only penetrate through the upper story, and then die away. 
The main cracks are best seen in plan on the flat roof for this very reason; and I 
may here stale that every house which I subsequently saw of this type, and which 
lay at right-angles to the shock, or very nearly so, has four types of cracks as seen 
on the roof. There is first of all the verandah crack, dividing the verandah from 
the house, and usually the worst, masmuch as it takes its origin along a very con- 
spicuous line of weakness. On the opposite side there is usually the portico crack, 
in a similar way starting along a line of weakness. Thirdly, there is the main 
crack, near the centre of the house (see diagram, fig. 8), usually the most reliable, 
cutting like a knife through parapet, pillar and roof, and rending the house from 
top to bottom. Lastly, there are some few corner cracks at right-angles to this. 
Such are the cracks in Mr. Macdonell’s house. When their projections are traced 
on the vertical side-walls, all but the verandah crack are seen to dip about 60° north- 
52°-west in their upper parts, but lower down they usually wander more irregular- 
ly along windows and doorways, finally branching in various directions at a very 
low level where the momentum of the moving walls would have been less. 

A tower, about 24 feet high, built above the stables, ‘was also cracked in the 
same direction, the angle being about 55°. 

Of other houses in the station, mention may be made of the Joint Magistrate’s, 
which lay even more in the direct line of the shock than 
the previous one, the verandah facing south-40°-east, It 
was a single-storied house with brick and plaster walls, but with a thatch roof. 
It had accordingly suffered very severely, the main crack and verandah crack 
dipping north-40°-west with an angle of about 70.° 


Mr. Macdonell’s house, 
Serajganj. 


Joint Magistrate’s house. 
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A. single-storied house with fiat solid roof and solid walls showed as many as 
three main cracks, and a verandah crack in plan on the 
roof, and several minor ones. The house was north and 
south ; and the cracks dipped slightly west of north. They were vertically inclined 
near the verandah, but in the other direction gradually assumed an angle of 60 
or 70.° 

Several native gentlemen’s houses were also shattered, but with one exception 
gave no fresh data. This exception, which is rather an old 
house, is double-storied, and faces south-13°-west. The 
shock came diagonally upon it, and shot away one corner by a plane of fissuring, 
dipping north-32°-west in an irregular manner. 

At Subornkholi and Muktigarchia, though some houses were cracked, and a 
small chimney stalk rent near the summit, there was nothing which afforded safe 
evidence. In lke manner an inspection of the Rajah’s palace at Muktigarchia, 
which has suffered terribly by the earthquake, on account of its peculiar construc- 
tion, was equally barren in results. 

At Maimensing there were some better results. The jail has its enclosure 

wall facing north-north-east cracked for a long distance 
near the bottom ; and at the corner where it joins the east- 
south-east wall it has parted from it outwards, leaving a gap of an inch or so 
wide. The south-south-west wall near the entrance gates is also cracked more or 
less horizontally for some distance. But neither of the two walls at right-angles 
to these have been cracked, save one for a short distance. This is what should 
happen with the shock coming from the south-south-west, the direction of the 
seismic vertical. Many of the buildings within the enclosure are nearly new, and 
such cracks as they show would favour a shock from either of the opposite direc- 
tions. One older building, however, has a crack at its north-north-east end of very 
serious size, dipping nearly vertically. This better agrees with the evidence of the 
enclosure walls. 

The dispensary on its south-east and north-west end walls showed a set of in- 

; tricate fissures, crossing one another at right-angles, and 

sia ca such as could have been produced by a fissuring plane 

dipping either north-east or south-west at 45.° Those in the former direction 

were the most conspicuous, inasmuch as they started originally from the summit 
or sides of the walls, whilst the others started from some point on them. 

A. mosque (see fig. 9), near the dispensary, is interesting because it has had its 

north-north-east corner walls shot away, evidently by a 

a a shock coming from the south-south-west, which has also 

rent the north wall in three places, and one of the domes. There is also an ap- 
proximately horizontal crack in the west wall at about half its height. 

A house belonging to the Rajah Saruja Kanta Acharji was fortunately placed, 

and received the full effecta of the ahock. It was rectan- 

ee gular, end lay with ite ends facing cast-south-east and 
weat-north-west, very nearly. These end walls were also fortunate in not being 
too mach pierced by windows and doorways. They revealed cracks produced by 
planes of fissare dipping north-north-cast 50° and south-south-west 40° whieh 
crossed one another at right-anglea. Ifanything, the planes dipping south-sexth- 


Mr. Mollison’s house. 


Other houses. 
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west were slightly the more pronounced, of the two. This house, and the dis. 
pensary already mentioned, were both good examples of the effects of an earth- 
quake wave rising upon a building exactly at right-angles to its path. 

This is the only other building which left any legible record. It is in an un- 
finished state of building, but beyond some few small cracks 
no permanent injury has been done. There seems no 
doubt that this leniency is mainly to be put down to the newness of the mortar, and 
the consequent pliancy of the walls. The cornice running along the top of the 
walls has however fallen at several points, because it needed the binding effects of a 
roof to keep it in place. The fall has only taken place from sach walls as faced 
north-22°-west, or south-22°-east, and slightly round corners on the east-north-east 
walls. The largest piece has gone from the north-north-east corner. As the building 
lies with its long axis east-north-east and west-south-west, no doubt there would be 
more tendency in the walls to rock at right angles to that line than with it; but, as 
the shock came diagonal to the building, some small resolved part of it must be 
allowed to set the end walls in a tremor, though not so violently on account of their 
relative shortness. The results show that the more conspicuous shaking was 
imparted to the long walls facing north-north-west and south-south-east, and a 
smaller shaking to the shorter ones at right angles to these; whilst the far larger 
piece of the cornice tumbled from the north-north-east corner shows that that was 
the point the least supported, as would be the case with the shock from the assigned 
south-south-west direction. It may also be noted that the small cracks in the 
arches of the lower story are also at this corner of the building. 

At Dacca I got very little evidence of the earthquake, though from all accounts 
the shaking here was very severe. The police reported a 
temple fallen at Barisur on the opposite side of the river, 
but on visiting the place I found only the blackened ruins of one which had 
collapsed from decay some years ago. Fig. 10 represents a house on the river 
bank that has had the stucco mouldings shot away on its south side and south-east 
eorner. The south-west corner also showed two cracks dipping south-east roughly. 

Several other houses also showed the same thing, both cornices and plaster 
falling towards the south or south-east, and never towards the north. A careful 
scrutiny in the cemetery was unrewarded by any fall greater than bits of brick and 
plaster, and an earthenware vessel from the summit of a tomb. The vessel, 
originally threaded on an iron spike, had broken, and only half of it fallen to the 
ground, and was, in consequence, of doubtful value as evidence. It fell towards 
the south-south-east, which was also the general direction of the plaster chips. 
Thus there was just sufficient evidence here to bear out all previous conclusions with 
regard to.the position of the seismic vertical, but nothing to corroborate it. On 
the whole, the damage done in Dacca is disproportionately small compared with 
other places equally near the centre of disturbance. The reason for this I shall 
consider later on. 


The new Kachahri. 


Dacca. 


(TTT). — Exceptional phenomena. 
Earth fizsures opened at Serajganj, Subornkholi, and Jamalpur, and some few 
other places. In every case that I examined they had 


taken place either by the banks of a river, or elevated road 
= ¥ 


Earth fissures. 
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way, or the sloping sides ofa tank. In one case at Subornkholi, near Mr. Webster's 
jute mills there were some irregular cracks, opened apparently on the flat, thoagh 
not many yards from some water. They were fringed all round the margins by 
fine sand, which bore testimony to the statement made by Mr. Webster that water 
oozed up through these cracks carrying the sand with it, and sometimes even 
spurted up into the air some few feet. When at Jamalpur, I received from the 
Deputy Magistrate some pieces of lignite which had been similarly thrown up 
through fissures along with sand and water at Sherpur (Maimensing district), 
There is no reason to imagime that these fissures differ in origin from those so well 
described and explained by Mr. R. D. Oldham, in his discussion of the Cachar 
earthquake of 1869, published in Vol. XIX of the Memoirs of the Geological 
Survey of India, and to which I refer the reader. It is there shown that during 
the passage of an earth wave, contignous vertical zones are moving respectively 
forwards and backwards at the same moment, but that on level ground the cohe- 
sion and inertia of the motionless masses of clay im front and behind are sufficient 
to prevent rupture. On the other hand, when a bank is approached, the particles 
of clay moving forward have no inert clay mass in front to stop them and take on 
their motion, and consequently those particles break away from the zone of back- 
ward driving particles and a fissure is formed. 
In three cases wells were curiously affected by reason of the same causes. At 
ais Serajganj a well pipe, 13 feet 7 inches long and 14 inches in 
: bore, was filled throughout with sand tightly jammed 
into it. I was told that, at the time of the earthquake, water rose in the well, and 
that since then the bottom of the well had broken through into the underground 
vacancy made by the ejection of the sand. At SubornkholiI saw a well which 
had had its tiled casing, about 14 feet in diameter, moved towards the north-west, so 
that, looking down through the brick mouth of the well, it was seen to be entirely 
on one side instead of in the centre. I also heard of another well in the neigh- 
bourhood out of which a brass vessel had been hurled some distance. 
The water of a tank close by the jute company’s works, Serajganj, was thus 
a ee ee affected, according to an account of the manager. The 
anh Demeany: long axis of the tank lay north-20°-east, and the water 
seemed to run east and west from the sides, gathering up in the centre, and then 
to spread out again to the sides. 
Some brick stacks in a brick yard at Maimensing were partially overthrown, 
: They all stood 3 feet 9 inches in height; and the north- 
en north-east corners were the ones shot way. The outer. 
most bricks fell at a distance 4 feet 9 inches from the outer edge of the stack, 
a distance obtained by taking the mean of eight different measurements. 
q (IV).—Discuesion of data. 
If we take @ mean of the directions of the fallen chimneys at Serajganj, 
— ; also the direction of the tomb at Jamalpur, and that drawn 
depth of f — from the cracks at Maimensing, we have to place the 
seismic veriical as emerging on an area $4 miles in dia- 
meter with its centre 37 miles south-37°-east (true) from Serajganj, or 90° 6’ 30° 
Bast Long., and 23° 59’ 20” North Lat. But there is still another method of 


PART 4.] Mivpiemiss: Bengal Earthquake of July 142k, 1885. 211 


procedure open to us. If we take some three towns on the map where the des- 
truction to buildings is markedly greater than elsewhere, and describe a circle 
through them, the centre of that circle will be the position of the seismic vertical. 
Now there is no doubt that Sherpur (Maimensing district), Bogra and Nattore 
are three such places, as reference to the telegrams and letters published in the 
Englishman between the 15th and 25th July will show. These three places are 
all about equidistant from the assigned position of the seismic vertical near Atia, 
and thus the position of this point is made doubly certain. In discussing the 
depth of the focus we have also a double method, the first method being to take 
the angles of emergence as deduced from the fissures, and apply the formula— 
D=C tan E, 


where D=depth of focus, C=-distance from seismic vertical, and H=angle of 
emergence. 
At Sherpur (Bogra district), C=61 miles, and E=40°, 
. D = 61x tan 40°, 
that is, D = 61°18510 miles, or about 51 miles. 
At Maimensing we had 40° and 45° as the angles of emergence, taken from the 
cracks in the Dispensary, and one of the houses belonging to the Rajah. Now, taking 
424° as the mean angle, since Maimensing is 55 miles from the seismic ver- 
tical we have— 
D = 55x tan 423°, . 
that is, D = 50 39815 miles, or about 50 miles. 
In the second method, the depth equals the diagonal of the square described on 
@ radius of the circle passing through three or more points where the destruction 
to buildings is greatest. So that, taking the radius of the circle described about 
the towns Nattore, Bogra, and Sherpur (Maimensing district) as 74 miles, wa 
have— 
D= /2 x 74', = 104 miles nearly. 
The second method thus gives a far greater depth for the focus than the first, 
But both are far higher values than are usually assigned to an earthquake focus. 
This may be partly accounted for by the fact that, in 1ts passage from the lower 
solid strata into the upper alluvial soil of Bengal, the earthquake wave must have 
been refracted ; and so the emergence angle would appear too steep. 

On the whole, owing to reasons which will be given below, when treating of 
the arc of violence, we may place more reliance on the former than on the latter 
method in this particular case. So, if we take the mean depth of the two first 
calculations, and subtract ten per cent. for refraction (an arbitrary amount), we 
have about 45 miles as the depth of the centre of disturbance. 

In considering those points on the earth’s surface where the greatest damage 
has been done to buildings, which points, as before men- 
tioned, can be included in a circle with the seismic vertica] 
for centre, we are at once struck by the fact that it is not at every point alike of this 
circle that great disturbance has occurred, but only at certain of them forming an 
arc of about 90° having Maimensing at one extremity and Nattore at the other, 
This arc of violence is indeed wonderfully contrasted with the rest of the circle ; 


The are of violence. 
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for if we take into consideration a large station like Dacca, which is not quite so 
far from the seismic vertical as Serajganj, we find the destraction caused there in 
no way comparable to that at that place. At Pubna also no very great damage 
has been done, whilst from Faridpur and Kumila (Comillah) there have been 
absolutely no reports nor telegrams in the newspapers. To understand the reason 
for this a geological map must be consulted: it will then be seen that, whilst 
places on the southern arc of the circle of greatest possible destructibility have no 
outcrop of metamorphic rock nearer than 200 or 300 miles, all those places situated 
on the actual are of violence are within 75 miles of solid rock, namely, the meta- 
morphics of the Garo hills, or the Rajmahal trap; some places being even as 
little as 37 miles from the Garo hills. In other words the great plain of Bengal, 
though 325 miles broad between Chittagong and Balasore, narrows in a northerly 
direction between Rajmahal and the Garo hills to 185 miles. Now from the fact 
that the latter places are where the two masses of metamorphic rocks of Chota 
Nagpur and Assam respectively most nearly approach one another, we may infer 
that a line joining them would cross that part in Bengal where the depth of alluvial 
soil is less, and where the metamorphics come more nearly to the surface than at 
any place further south. We thus see that the arc of violence is situated near 
where this shallowing of the alluvial soil takes place; and we at once recognise 
that the latter is the cause of the former. 

In support of this, and also the better to enlarge on my meaning, I will take 
the liberty of queting from Mr. Mallet’s report on “ Earthquake phenomena”’ in the 
Report of the British Association for 1850, when speaking of the great Calabrian 
earthquake. He says :— 

* The centre of effort in this earthquake was under the great plain, and probably about under 
where once stood the village of Oppido, but at an unknown depth. The observations made amount 
to no more than this; that the shocks did less mischief to structures on the granite or slate rocks 
of the hills, than they did to those on the plain of clay, &c.; that the destructive effects of the 
shocks were very great along the line of junction of these, at the bases of the hills (from which 
some philosophers of that time concluded that the earthquake came from the mountains), and that 
along this line, shocks in close succession were felt, not only horizontally and vertically, but also in 
opposite directions. 

“ Now we may @ prior account for these facts, on the principle that the velocity of the shock 
or earth wave depending on tne density and modulus of elasticity of the formation through which 
it passes, and its velocity being greatest in those whose elasticity is highest, while ite range of 
motion is most limited in the same ; therefore the shock here was of less velocity in the plain than 
in the rocky hills ; but had in the former a longer range of oscillution, and hence did most mischief 
in the plain. Along the line or plane of junction of two formations of different elasticities, &., 
the earth wave will change its course and also its velocity (like light in passing from one medium 
to another), and here the wave will be divided, part of it will be refracted. and part reflected (or 
total reflections may take place if the angle of incidence be suitable to the plane of junction); and 
the latter portion of the wave will in such case double back upon itself, and give rise to a shock in 
thg opposite direction to the first one. Hence, along such a line of junction, the destructive effects 
will be very great.” 

The case we are considering, though not quite agreeing with the one quoted, 
differs only in dpgree; such difference as there is depending on the fact that the 
centre in our case was too far away from the hills for the circle of greatest des- 
tructibility to cut at any point the line of junction between the metamorphic 
hills and the plains of clay. Still, the fact that the.destruction is accentnated aloag 
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the are of violence, z.c., the are nearest the hills, shows that reflected waves from 
the quickly transmitting rocky basin must have started out back from the hills 
before the slowly travelling wave in the clay reached them; and those reflected 
waves, though not strong enough of themselves to produce destruction on the 
actual line of junction of the plains and hills, must have had some considerable 
power in augmenting the effects of the direct waves when the two sets met, and 
even for some time before and after meeting, since many objects caught still vi- 
brating from either shock would be more easily overturned by the succeeding one. 

And once more, the smaller depths of alluvial soil along the northern arc of 
the circle of greatest destructibility would receive the full effects from the direct 
shock, whilst the thicker pad of clay on the southern are would, by being vio- 
lently moved as to its particles in its lower part, have in some measure dissi- 
pated the motion before it arrived at the surface. 

We thus see that primarily it is owing to the shallowing of the deltaic deposit 
of the Ganges and Brahmaputra, as the metamorphic hills or their sub-alluvial 
representatives are approached, and also to the proximity of the two latter, that 
more destruction has been caused north of the seismic vertical than south of it. 

We may also expect that owing to the same causes the circle of greatest de- 
structibility to buildings, as laid down on the map from the arc of violence, is of 
much larger diameter than it would have been in a perfectly homogeneous coun- 
try ; and therefore estimations of the depth of the focus from the diagonal of the 
square of the radius of that circle will have far too great a value ; as we were led 
to expect by their non-agreement with the angle of emergence method. 

This can be obtained within limits from the tomb at 
cere of the wave = Jamalpur and the chimneys at Serajganj, the dimensions 
of which have already been given. 

In the first case we have to treat the fallen body as one upset in the direc- 
tion from which the shock came by its inertia of rest, during the first semiphase ; 
and in the second case we have an example of oscillation of a body beyond 
its limits of flexibility, due to its inertia of motion during the second semiphase. 

Let us first take the simpler case of the tomb at Jamalpur. 
ether of the If we call 8 W. the weight of the canopy, then, since it 

is supported by eight pillars, each of them bears a weight 
equal to W, thatis 4th of the whole. Now since the whole canopy is symmetrical 
about any vertical plane passing through the centre, we may look on the mass of 
the canopy as also divided into eight parts and individually placed vertically above 
each pillar, at the same level as the centre of gravity of the whole, that is, 2 feet 
2 mches above the pillars. For, if we take any pair of pillars opposite one another, 
we see that, just as much as the one is helped in its upsetting by the mass of the 
canopy being on one side of it, the other in like manner is hindered to the same 
extent, and since they are in rigid connection by the canopy the one condition 
balances the other. Thus the problem narrows itself to the overthrow of one 
column supporting a mass proportional to W at a point 23 feet above its upper 
end. 

It is now necessary to ascertain the proportional weights of the column and 
the supported mass. We obtain this by calculating their respective volumes, since 
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the material being the same, the weights will be proportional to the volume. The 
whole of the canopy contains 412,142 cubic inches, and therefore }th contains 
51,518 cubic inches. Each pillar contains 26,389 cubic inches, and will therefore 
be about half the weight of the portion of the canopy it supports; and since the 
mass of anything is proportional to its weight at the same point on the earth’s 
surface, we have the mass of the portion of the dome supposed concentrated 
above the pillar equal to twice the mass of the pillar itself. 

We must now get the moment of inertia of the whole in order to find the 
centre and radius of gyration. For since the whole may be considered as a com- 
pound pendulum swinging on one edge of the base of the pillar, we need to find 
the length of the simple pendulum which gyrates in the same time, 7.e., the distance 
of the position of the centre of gyration (where we may consider the whole mass 
of the pillar and its burden concentrated) from the axis of gyration. By dividing 
the system of pillar and its portion of the canopy into suitable portions, and taking 
the sum of the products of their masses into the squares of their distances from 
the axis of revolution, we obtain— 


m (ea ) =the moment of inertia of the whole system 


where m = the mass of the pillar, and therefore 3m = the mass of the system. 


then 7? = m+ =71} = (radius of gyration)?, 


that is to say, the position where we may suppose the whole mass of the pendulum 
concentrated into a single heavy bob is distant /7if feet from the axis of re- 
volution. 

In the annexed figure les CDEF = the pillar of which 

P A. is the centre of gravity, and let B= the point where 
the mass of 4th of the canopy is supposed aggregated. 
iG Then dividing BA into three equal parts, of which BG is 
c E one, gives us G the centre of gravity of the whole system, 
since the masses at B and A are proportional to 2 and 1. 
The point G is 2 inches above CE or 7 feet 2 inches 
above the base DF. Join GF and let the angle GFE = 9. 
Then since DF = 1 foot 8 inches and EF 7 feet, we can 
get the length of GF = 7,5, feet. 

Now in order to upset the system we must cause G 
to revolve about the axis F through the angle ¢, and 
the measure of the velocity of the horizontal force acting 
at G competent to raise it to the height entailed by going 

D iF through that angle is the measure of the velocity of the 
horizontal component of the earth wave that is at least 

to overthrow the system. 
ek a denote the Pera in feet of the centre of gravity of the system 
from the point F, then the statical work done in upsetting the body whose weight 


« i= 1 
is W ‘W'a (1—ocos. g 


3 See Mallet. Neapolitan Earthquake of 1857, p. 125, Vol. 1. 
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This must equal the dynamical work acquired which is equal to the work 
stored up in the centre of gyration or 
1 yy? 72 
W? a (1—cos. ¢) = Lhe 
where w is the angular velocity of the body at starting, r the radius of gyration, 
and g the velocity acquired by a falling body in one second of time. 
Kquating these two values of the work done we find 


w 7? = 29a (1—cos. ¢). 
But » the angular velocity = the statical couple applied divided by the moment 
of inertia or 
tas V acos. 9. 


Squaring and substituting 
Vi = 2g 7. Loos. ¢ 
@ cos.* 
Now putting the actual values for these letters we have 
713 74 \. /74\2 
+ | == ————— eee eee amen ——n 
V? = 64 x 7. *(2 7) (Ge 
therefore V* = 4 nearly, 
or V = 2 feet persecond, the velocity of the horizontal 


component of the earthwave. Then, since the angle of emergence here was 39°, 
we have 
V 


Vic = 2°56 feet per second. 


~~ ¢08, 89° ~~ 
V! here represents the least value necessary to overthrow the canopy, and, so 
far, the actual velocity might have been anything above 2°56 feet per second. 
But, from the fact that the body of the tomb itself wag not overturned, nor 
even fractured at the base, we know that the velocity was 
less than would have been required for that purpose; and 
so we can limit the velocity in two directions, though not within very narrow limits, 
The following is the formula for the fracturing of a solid parallelopiped at its 
base by a subnormal wave :— 
_ 2 LB COS. 
Veg 8% a oon @ +e) 





Tomb itself. 


3 


where g as before = 32 feet per second 
25° 
39° the angle of emergence 
6 feet, the height of the tomb 
33 feet, width of the tomb 
4 the modulus of dynamic adhesion 
between the bricks and mortar. 
: _ 2x 32 x 4x10 ~~ -90 
-" VE "3x 3x 36 * 743 
V = 23°22 feet per second, 


ei'@Dae os 
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or the velocity necessary to fracture the tomb from its base. Now as this has not 
occurred, the velocity must, at greatest, be not so high as this value, 

But again, we have in the case of the canopy, not mere- 
ly a body upset, but also one projected some distance. 

For the centre of gravity of the whole system had travelled horizontally 11°50 
feet from the position vertically beneath where it was when the structure was 
just on the verge of falling. Now, if the canopy had been gent] y lowered over 
on its side, so that no centrifugal force generated was sufficient to overcome the 
pressure due to gravity, it would have lain with its centre of gravity 3°50 feet 
short of this, or the distance from the point of revolution would have been equal 
to the height of the centre of gravity, plus half the diameter of a pillar, that is, 
7 feet 2 inches and 10 inches. This 33 feet extra throw must have been due either 
to one cause alone, or to two combined. It must either have been caused by the 
centrifugal force of the body revolving under the influence of gravity alone, or 
by the combined effects of it and the projecting force of the earthquake. If it 
had been due entirely to the first of these causes, we should have had the system 
springing away from the centre of revolution when the cosine of the angle 
through which it had turned was §, and not before. Now itis easy to see by noting 
the proportions of the parts shown in the elevation fig. 5, Pl. UW, and joining the 
necessary angles, that if the body had not left its point of revolution at an earlier 
period, the north edge of the canopy would have struck the upper part of the 
tomb over half its surface, causing a collision which would have left undoubt- 
ed traces. But it has not done so, or rather the south edge of the tomb has only 
just been grazed as represented in the figure. Consequently there must have 
been some other force in addition to that of gravity acting on the body, and so 
helping the centrifugal force due to gravity to project the body at an earlier 
moment. Also, since the upper surface of the tomb is 1 foot only below the 
canopy (when the latter is on the verge of falling), it must have been shot away 
before that vertical distance had been descended, though not much before, inas- 
much as the canopy did just graze the tomb. We shall not be far wrong if we 
take it that the pressure on the ground was overcome by centrifugal force at the 
moment when the canopy had descended { foot. 

The centrifugal force due to gravity alone at that position would have been 

/2¢xX =6'928 feet per second. 

And if we now calculate the velocity of the force for projecting the body the 
32 feet, and then subtract the previous rate, we shall arrive at the true velocity of the 
shock that it possessed over and above what was just sufficient to overturn the body. 


By the formula 


Projection of canopy. 


vie vg 
3 cos e (b——a tan e) 
where a8} feet, the horizonts! distance. 
b=7i ,, the height of the centre of gravity. 


we get v = 8364 feet per second. 
Now, subtracting 6°928 for the reason assigned above we have— 
1°486 fect per second 
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as the projecting force which acted in addition to the overturning force. 
The latter we found previously to be 2°560 feet per second, and thetefore by 
eee eee 3°996 feet per second 

as the velocity of the wave particle at Jamalpur 74 miles from the seismic 
vertical. 

It may be said that the smallness of the velocity, 1436, just deduced, leaves 
very little room for fractional errors in the measurements which must always 
occur ; but when we consider that it is certain there must have been some projec- 
tion, certain, too, that it was only small, and when the couclusion here come to is 
corroborated by the next example, we have good grounds for thinking it correct. 

In the previous case of the tomb we had to deal with objects which were con- 

; sidered as approximately rigid, or without any elasticity 
Pr aaa of the that need be taken into account; but coming now to the 
consideration of the chimneys, we have to bear in mind 
the very important fact that high brick-work structures of this kind are 
extremely flexible, and are capable of swaying through many feet in a high wind 
without breaking What we have in fact is the case of an inverted compound 
elastic pendulum oscillating about a fixed point. If in such a building the 
greatest velocity that can be acquired by the centre of oscillation as it passes the 
vertical, during a maximum vibration, be greater than the velocity of the earth- 
wave shock in that direction, it is easy to see that the structure would not be 
forced to the limits of its flexibility and so would not be broken. If, again, they 
were about equal it would be a matter of uncertainty whether the chimney fell or 
not and in which direction it fell, But if the velocity of the shock were greater 
than the maximum velocity of the oscillation consistent with the elasticity of the 
ehimney, the chimney would be broken in its weakest part during the first semi- 
phase, and the broken part would fall in the direction from which the shock 
came In estimating, then, whether the velocity of any earthwave is sufficient to 
break a flexible structure such as a high chimney stalk, it is first necessary to 
know within what extremes the chimney can oscillate without breaking. For 
answering this question with rigid accuracy, many data respecting the modulus 
of elasticity of brick-work would be necessary, which are not at the present day 
determined satisfactorily. But there are other sources of information from 
observed oscillations of chimneys acted on by wind storms, which may be of use.? 
The Townsend chimney, over 326 feet high, was struck by a gale of wind which 
bent it beyond recovery 7 feet 9 inches out of the perpendicular, so that its length 
of oscillation without breaking was 15 feet 6 inches at the top. It seems pro. 
bable, however, that if neglected it would have ultimately come down, for the 
deflection was observed to be increasing for some time whilst the workmen were 
straightening it. This chimney was more than twice the height of the mill 
chimney at Serajganj, but another one at Messrs. Matthews and Son’s Chemical 
Works, Pitchcombe, was 132 feet high, or only 3 feet less than that at Serajganj, 
and like it octagonal in section. It was observed, when tested in 1875, to be 3 feet 
10 inches out of the perpendicular, giving a range of oscillation without breaking 


1 See Supplement to Spon’s Dictionary of Engineering, page 3558. 
G 
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of at least 7 feet 8 inches, at the summit. If wetake 10 feet as the limit of possible 
oscillation of the mill chimney at Serajganj without breaking, we shall not be 
over-estimating it, since the Pitchcombe chimney was not so far gone relatively as 
the Townsend, and was easily straightened. 

But first, as in the case of the tomb, it is necessary to get at the radius and 
centre of oscillation in order that we may learn what is the simple pendulum 
whose time of vibration corresponds to that of the compound pendulum of the 
chimney. By dividing the chimney into suitable lengths, and deducing the 
varying masses of these lengths from their mean internal and external diameters 
respectively, we can get their several moments of imertia about the axis of oscil- 
lation, and by adding them together get the moment of inertia of the whole 
mass, 

‘This we find to be 407,414. 

Having got this, it is easy to deduce the radius of gyration, and the radius of 
oscillation. The latter we find to be 692% feet from the base or nearly 70 feet. 
Thus the simple pendulum whose time of ‘ossillation is the same as that of the 
chimney has a length of 70 feet. 

Now, by the formula,— 


t= 7 = 


where t = the time of oscillation; 1= length of seutlaluiny and g = the acceler- 
ating influence of gravity in one second, we have 
t= 8-141 / =Fae * S141 
== 4°647 seconds. 


Now, taking 10 feet as the range of oscillation of the summit of our chimney, we 
have 5} feet as the length of oscillation of the simple pendulum, 70 feet high, 
which represents it. 

Then the greatest velocity attained during its maximum oscillation without 
breaking will be when it passes the vertical and will equal 


rz 1 
+ a/ ‘ = 2 3 = 1°64 feet per second nearly. 


Now an earth wave shock at an emergent angie of 60°, and with the above 
horizontally resolved velocity, would have a rate of 3°28 feet per second along tho 
normal, since sec. 60°== 2°0 and would cause just this oscillation. Therefore 
the velocity of the wave particle must have been just a little higher than this, 
or about 3°3 feet per second; for if it had been greatly higher, the chimney 
would bave broken during the first semiphase, and its fragments would have been 
precipitated in the direction from which the shock came, whereas their actual 
position, as shown in fig. 2, PL. I, declares that it was during the second semiphase 
that they were overthrown. 

It might be thought that in that semiphase one-half the velocity afore-men- 
tioned would have been sufficient, provided the period of oscillation of the 
chimney coincided with the period of vibration of the earth wave, but from the 
slow oscillation necessary for such a high chimney, 4°647 seconds, it will be at 
once seen that such a coincidence is impossible. 
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Putting together the evidence for velocity, we have the lowest and highest 
limits fixed by the Jamalpur tomb, 74 miles from the seismic vertical, at 2°56 and 
23°22 feet per second respectively ; and also a probable rate of nearly 4 feet per 
second deduced from the same data, whilst at Serajganj, 36 miles from the centre, 
we have corroborative evidence for a probable rate between 3 and 4 feet per 
second. 

Small as this rate sounds to the ear, there is abundant testimony brought 
forward by Mallet in his report on the Neapolitan earthquake to convince every- 
one that its effects on badly built or unstable dwellings may be immense. 

The data for obtaining this with accuracy are unfortunately wanting; such as 
there are being scarcely reliable as approximately correct. 
At Alipur Meteorological Observatory, Calcutta, the time 
of the shock was indeed fixed rigidly at 6 hours, 24 minutes, 
12°6 seconds, but from only two other places, namely, Dacca and Sibsagar, have 
times been forwarded. From Sibsagar Observatory a seismometer form was 
received partly filled up, stating that a very slight shock of earthquake occurred 
there lasting about half a second, but that no seismometer cylinders were over- 
thrown, and no damage done. The time given was 6 hours 48 minutes (local 
time), which corresponds to 6 hours 22 minutes Calcutta time. That is to say, 
the shock was felt 2 minutes earlier at Sibsagar than in Calcutta. Now allow- 
ing that the rate of transmission of the shock was twice as great (and this is the 
most liberal allowance possible) through the rocky strata towards Sibsagar as 
through the clay to Alipur, we still have more than double the distance for the 
shock to have travelled in the former than in the latter case, so that at least the 
shock should have arrived some little time later at Sibsagar than at Alipur. 
Thus we must put aside the time evidence here as unsatisfactory. From Dacca, 
a letter from the Traffic Superintendent of the Dacca and Maimensing State 
Railway, gave the time as 6°22 at the “last of the vibration.” The time is tele- 
graphed daily from the Government Telegraph Office, Calcutta; and was marked 
on the clock dinl at the Dacca Railway Station accurately the day before. As 
Dacca is 35 miles, and Calcutta 158 miles from the seismic vertical they will be 
57 miles and 164 miles respeetively from the focus, reckoning the latter at 45 
wiles deep. Hence the difference in distance is 107 miles. This gives 533} miles 
a minute for the velocity of transit; a result much too large, even if some frac- 
tion of a minute be allowed for the vibration to have ceased at Dacca before the 
time was noticed. 

On the whole, then, we have no reliable data that can in any way advance our 
knowledge concerning the velocity with which an earth wave is propagated 
through the rocks. 

There seems to be no doubt that the forerunner of the destroying earthquake 

of the 14th July is to be f. und in the gentler, but still 

Pe earthquake = i olent shock, of the 25th June, which piri a great 

part of Bengal, and was felt in Calcutta and Darjiling ; 

whilst it is certaim that the later small shocks and tremors have proceeded from 
about the same centre as that of the 14th. 


Velocity of transmis- 
sion of the wave. 
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These later ones happened on the following dates; and, though doing no 
damage, they kept the population in a constant state of expectant alarm :— 


2Zist July about . ‘ : : : : . 5-40 P.M. 
22nd _sCS ye ; . ‘ ‘ , . 430 AM. 
22nd 3-50 P.M. 
23rd 3-30 A.M. 
23rd 7-20 4, 
23rd 10-40 ,, 
26th 5-30 ,, 
26th 9» : ‘ : . : . vO , 
26th oe ; : . : ; . 1-30 P.M. 
4th August ue : : ‘ j : . 9-O ,, 
5th September ,, : : . 11-80 a.m. 


On the 17th July at Murree a shock was felt, but this is no doubt rather to be 
a relegated to the Kashmir set of earthquake shocks than to 
So es those of Bengal. And this brings us to the question 
whether there may be any connection between the two 
sets of earthquakes thus widely separated, or whether we are to look on them as 
due to causes working singly and unaided in their own localities. Doubtless 
there can be no definite answer to such a question, but it may be noticed that if 
we answer in the negative, if we put down their contemporaneity to mere chance, 
we tacitly admit that the causes of each are local, and by inference superficial. 
Hence we might find room in this case for the possible explanation offered by Mr. 
Medlicott in his preliminary notice of the earthquake, that the change in the 
course of the Brahmaputra and the consequent deposition of its vast sediment in 
a different area might have so disarranged the balance of the earth’s crust and so 
brought on a bending in the strata that might have culminated in a violent snap 
sufficient to produce the phenomena of the 14th. 

On the other hand, if we take their near coincidence in time as a sign of their 
connection in reality, we must look for no local and superficial cause, no mere 
change of a drainage system to account for them, but we must search for some 
deeper cause underlying the very roots of the mountains, and sufficient, by throw- 
ing the whole of the northern parts of India into a state of strain, to bring on 
earthquake phenomena in those parts of the earth’s surface less able to stand the 
stress or more intersected by lines of weakness. 

And in the same way if this relation be granted as probable, there seems no 

reason why the certainly marked increase of seismic and 
Pia ees volcanic activity during the last year or so both in Europe 

and in some parts of Asia should not, in like manner, be due 
to some great underlying cause which, on a large scale, has been making iteelf felt 
here and there in weak places; now in Italy, now in Spain, now in England, 
Germany, Switzerland and Austria, and other places in the Eastern Hemisphere. 
Nor would it, perhaps, be too much to look back to the Ischian earthquake and 
the eruption of Krakatoa in the summer of 1883, as perhaps the great forerunners 
of this consecutive series of siesmic and volcanic phenomena. 

In conclusion, I should mention that such observations as are recorded in 
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this paper are in a great measure due to the assistance I received from the Govern- 
ment officers at Sherpur, Maimensing and Dacca; and in an especial degree to 
the kindness and hospitality of several gentlemen residing at Serajganj, Suborn- 
kholi, and Maimansing, without which, in a district destitute of hotels or dik- 
bungalows a cumbrous camp equipment would have been necessary. 


Report on the Kashmir Earthquake of 30th May 1885, by E. J. Jones, 
A.R.S.M., Geological Survey of India. 


Exaggerated reports.—The newspaper and other reports of this earthquake, 
at first, as is usual in all such cases, much exaggerated the importance of the 
event. 

Heavy loss of life—But, in spite of the comparative mildness of the shock, 
the loss of life was very great, being in round numbers about 3,000. The 
cause of this is to be looked for in the very insecure manner of building in 
vogue. This, at the same time, has necessarily prevented the possibility of many 
accurate observations being taken from the ruins. 

Style of building. —The greater number of the buildings may be divided into 
two classes :— 

(i) those situated in the hilly parts of the country ; 
(ii) those situated on the more level country, in the wide portion of the 
valley of the Jhelam. 

The first class are low structures, usually isolated, and frequently covering @ 
large area of ground, being generally built upon a terrace on the side of a hil] 
with one side resting against the perpendicular face of the terrace above. These 
huts consist of walls built of rubble loosely held together with mud; resting on 
these are a number of beams (roughly trimmed trunks of trees), which are also 
supported along their length by wooden posts; upon the whole of this with the 
interposition of some cross pieces of wood, a layer of dry mud is laid, which is 
added to year by year and forms a flat roof. 

The second class are built either detached or several in a row; they consist 
sometimes of as many as three stories. The materials used in their construction 
are very various, blocks of dried mud measuring 2 to 3 feet in length, breadth, 
and depth and made in moulds in situ; sun-dried and burnt bricks held together 
with mud, or rarely in the case of the burnt bricks with mortar; rubble stoneg 
held together with mud. Itis also usual in these buildings to place at intervals 
of 2 to 4 feet horizontal lengths of wood, and occasionally vertical and inclined 
ones; noattempt is made at bonding in these walls, and the mud between the 
bricks is about one-third the thickness of the bricks. Above this is placed 
a thatched gable-ended roof, into the composition of which heavy beams of 
roughly hewn timber enter very largely. The whole roof is supported on several 
square pillars of sun-dried bricks or other material carried above the walls and 
measuring 2 feet to 2 feet 6 inches along the side. 

It will be readily understood that such structures are not of a nature to suc- 
cessfully withstand earthquake shocks, even when not of any great degree of 
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intensity. Ina very considerable number of the cases in which huts were damaged, 
the supports of the roof had given way and allowed it to subside, frequently 
carrying the walls down with it and leaving only a mass of rubbish to indicate 
the spot where the house had stood. 

Scattered through the country there are, however, a few buildings of a more 
substantial character, some of which were more or less injured by the shock. 

Patan.—This village is situated on the road from Baramula to Srinagar, and 
near it is an ancient Buddhist temple, of which a view is given in the annexed 
plate. The temple is very nearly cardinal (7.e., its four sides face nearly N-S. 
and H-W.), and is built of large trimmed blocks of limestone laid together without 
any cement. In each face there is an arched recess, and inside is a small open 
space about 10 feet square. From the western face three stones have fallen from 
near the top of the arch. The greatest damage was done to the S. and HE. faces, 
especially at the S.E. corner, the greater part of which fell. The long axis of an 
ellipse drawn around the fallen stones as they lieupon the ground runs HE. 22°S.—W. 
22° N., which gives an approximate direction for the wave path at this point. 

Srinagar.—In the Sher Garhi (the Maharaja’s palace) the long walls of the 
large dining-room run east—west, and the one on the south side, which is an 
outside wall, consists of a series of brick pillars 3 feet wide with openings 
between them 4 feet 6 inch across. Three of the pillars are cracked; the two 
most decided cracks make angles of 27° and 37° respectively with the vertical, 
and are inclined towards the east. If we take the mean of these two, we obtain 
an angle of 32°, which, on theassumption that the fractures are formed at right 
angles to the line of shock, is equal to the angle of emergence of the shock. 

A. high wall outside this room and facing to the west was partially overthrown 
in a westerly direction into the court-yard. These two observations point to a 
wave path at this point in an E.—W. direction; and though the wall to some 
extent would have vibrated at right angles toits long axis and have fallen even 
under the influence of an oblique shock, yet the fissures in the pillars indicate pretty 
exactly the line of shock. 

At the Sangin DarwaAzi, which is a gateway in the wall between the city and 
the Hariparbat fort, several stones have been thrown down from the top of the 
gateway in a more or less westerly direction, the only two whose original position 
I was able to discover had fallen to W. 1° N. and 12° N.; if we take the mean of- 
these two, we get W. 6° 30’ N. as the direction from which the shock came. 
This gateway is built of brick with a facing of stone-work and looks towards 
W. 22° S.; on the eastern side of the arch a good deal of brick-work fell. 

In the Tashwan division of the city is a bath-house, which is cardinal, and 
built of brick and mortar. Both the east and west walls of this building have fallen: 
outwards, carrying some of the arched roof with them, and the west wall carried 
a small portion of the south wall with it. This indicates an east-west direction: 
for the wave path. 

Gondikallel,—At this small village, which is situated about half a mile to the 
west of Tregaon, near Shadipur, there was a small hut built of mud, the ends 
facing S.E. and N.E.; these ends both fell outwards, indicating a N.E.—S.W. 


direction for the wave path. 
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Mujigund—is on the left bank of the Jhelam, below Srinagar, nearly opposite 
Bakpura. Here there was a long building forming a stable belonging to the 
Maharaja ; it was built of brick and mud pillars at intervals of about 6 feet, the 
spaces between the pillars being filled up with unburnt bricks. The long axis of 
the building ran N.—S. The whole of the walls, with the exception of the 
one at the south end, fell. The fall is reported to have taken place towards the east, 
but the debris had been removed in order to allow of its being rebuilt. This 
indicates a nearly H.—W. direction of shock. 

Kaosa.—This village is situated on both sides of a small stream near Magaon. 
On the left bank is a large three-storied house of bricks and mud built in 1884, 
surmounted by heavy wooden beams for supporting the roof, which at the time of 
the earthquake had not been put on; these consisted of five cross beams resting on 
brick pillars and running N.W.—S.E., and one longitudinal ridge-pole above, 
running §.W.—N.E. The pillars on which these beams rested had been broken 
down, and the beams were lying on the floor of the attic; the longitudinal 
beam had moved 5 feet in a S.W. direction and 1 foot 8 inches towards N.W., 
the cross beams had moved in a N.W. direction 3 feet, and about 1 foot 6 inches 
to S.W. This would indicate a W.—H. direction of wave path. 

Mégam (Magaon).—Here were three houses facing, respectively, N.3° W., N.8° 
W., and N. 18° W., the walls facing in these directions had all suffered the same 
damage, viz., the mud which was used to fill up the intervals between the pillars 
of unburnt bricks had fallen outwards. If we take the mean of these three direc- 
tions, we obtain N. 9° W. as the direction from which the shock came, 

Makahama (Harda Maka Nana).—At this place the walls of the mosque, 
which were built of bricks and mud, were uninjured ; but the pillars of brick-work. 
above the walls, which were apparently intended to support the roof, though in 
this case they did not reach high enough, and the weight of the roof rested on 
wooden supports at the sides of the pillars, were damaged. The ends of the 
mosque face W. 17° 8S. and H.17° N., the middle pillar at the west end fell out- 
wards and the three middle pillgrs on the north side also fell outwards and one 
pillar on the south side was tilted inwards. This indicates a shock about diagonal 
to the building or W. 28° N.—E. 28° S. 

Sopur.—The fort situated on the right bank of the river at the end of the 
bridge was considerably damaged. The component materials were rubble, cement- 
ed partly with mortar and partly with mud. It was a square building with a 
tower at each corner, the towers being portions of octagonal pyramids built on to 
the corners which point N., 8., E., and W., and in the middle of the S.W. 
side was a square gateway tower. Inside, on the ground, there were several 
cracks running N.E.-S.W. On the S.W. side the top of the gateway 
tower fell inwards; the same occurred tothe south and west corner towers; on 
the S.E. wall a portion fell near the east tower in a 8.E. direction, and the east 
tower fell entirely. Several portions of the N. W. wall, and a considerable portion 
of the N.E. wall fell. The roof of a small hut just outside the gate was thrown 
off to S, 13° E., bringing down the walls at the same time. All this indicates a 
shock from a direction somewhat to the east of south. 

Ohikar.—This is a fort situated above the Jhelam some distance to the south 
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in the neighbourhood of Garhi; it is built of rnbble and mud, with horizonta 
wooden beams at intervals of 2 feet and a mud plastering over the whole. The 
building is square, with portions of octagonal pyramids forming towers at the 
corners and in the middle of three of the sides; on the east side there is a square 
gateway tower. A portion of the east corner of the S.E. tower fell dowr 
towards the east and a portion of the N.W. tower fell to the west. This give 
an H.—W. direction for the shock at this point, 
Position of the seismic vertical.—Tabulating the above we get— 


PatTan-— 

Temple 4 ‘ ° ‘ ° . B. 22° S.—W. 22° N, 
SRINAGAR— 

Sher Garhi ‘ é ‘ F . E.—W. 

Sagin Darwazi ‘ : . . . W.6°30'N. 

Tashwan ‘ . ‘ P ‘ - E—W. 
GoNDIKALLEL~— 

Small mad but ; ; : : . 8&8. W.—N. E. 
MoosieooND— 

Stable : ; : ‘ y . EW. 
Kaosa ; : ‘ , . EW. 
Macam (Macaon) : ; . N. 9° W.—S. 9° E. 
MaxaHaMA—(Harpa Maxa Nana) ; . W. 28° N.—E. 28° 8. 

Curxark Fort . : : : ; . EW. 

(Sorvr Fort . x : S., some degrees E.) 


Plotting these directions on the map, we fred 17 intersections within a circle 
of 4 miles radius round a point quarter a mile §.W. of Jampur, 12 miles from 
Srinagar in a westerly direction from the northern end of the city; and 21 intersec- 
tions within a radius of 10 miles round the same point. Considering the class 
of buildings from which the observations were necessarily taken, this gives as 
accurate a determination of the position immediately above the seismic focus ar 
could be expected. This position agrees sufficiently well with the results obtained 
at Sopur, which were not plotted owing to the indéfiniteness of the indications. 

Residency at Srinagar.—The walls of this building, which is situated on the 
right bank of the Jhelam to the east of the city vere fractured in such a way as 
to indicate a shock very nearly N.—S. This is possibly due to a reflection of the 
shock from the inlier of older rocks which lies to the east of the town; but as 
the fractures were mostly old ones that had been plastered up previously, they 
are not of a nature to give satisfactory indications. 

Baramula.—At Baramula also everything tends to show that the shock was 
there N.—S., wails facing north and south being overthrown, and those facing east 
and west fractured. This also is probably duo to a reflected wave from the hills 
te the north of Baramala. 

Depth of the seismic focue.—We saw that at Srinagar the angle of emergence 
was 32°. Now the depth of the focus is obtained by the formula— 

das rv tan. @ 
where e == angle of emetgence atany point, and r <= distance of that point from 


the scismic vertical, wo have therefore— 
dm l18X tan, SE 
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which in the absence of other data from which the depth might be calculated 
may be taken as an approximation to the mean depth of the seismic focus. 

Meizosetsmal area.—The greatest damage has been done over an irregularly 
elliptical area, the long axis of which is 10 miles and the short axis 6 miles long, 
and the superficial area about 47 square miles, and nearly symmetrically disposed 
about the seismic vertical. Within this area, marked by a broken line (—— ——) 
on the maps, the destruction was very complete, whole villages being almost 
entirely destroyed and many lives lost. This corresponds to the meizoseismal area 
of Mallet. 

First isoseismal.—The area outside this, correspending to Mallet’s first isoseis- 
mal, includes the area within which large portions of villages and towns 
were thrown down and persons killed. This is included by a line passing east 
of Srinagar through Magaon south of Baramula and across the Jhelam near 
Gingal, then passing north of Sopur and round again to the south of Srinagar. 
It includes an area of about 500 square miles. 

Second isoseismal.—Outside is again another area of about 3,000 square miles 
including those places from which slight damage to buildings, &c., is reported 
to have occurred, but it is probable that even within this area there was some 
loss of life. Itis indicated on the map by the broken line passing north of Gurais, 
from thence it passes east of Titwal on the Kishengunga river, west of Chikar, 
south-west of Bagh, and south of Panch, at or near all of which some damage to 
buildings, chiefly forts,is reported. From Pinch to Gurais there are no reports, 
and the true course of the line is uncertain. 

Third tsoseismal.—This is a large area : including the places where the shock 
is reported to have been perceived by the unassisted senses, viz., Peshawar, 
Gilgit, Simla, Sabathu, Dalhousie, Lahore, &. " 

Outside the third isoseismal area is a larger area, the extent of which is quite 
unknown. It is that in which the shock might have been perceived by means of 
properly constructed instruments. 

Sound accompanying the shock and preliminary tremors.—A sound, which is vari- 
ously described as resembling distant thunder, a discharge of artillery, and the 
noise caused by blasting operations, preceded the shock, and seems to have 
been noticed by many who were not asleep at the time; but no preliminary 
tremors seem to have attracted attention. 

Transit velocity of the wave.—No observations of the time at which the 
shock was felt were made with any instruments sufficiently accurately adjusted 
as to give any reliable data for calculating the transit velocity. 

Velocity of the wave particle.—-I was not able to find any objects overturned 
or projected in such a way as to give a measure of the velocity of the wave 
particle, but considering the class of buildings which have escaped, it cannot 
have been very great; for almost the whole of the buildings are either bad, 
ill-laid and ill-cemented masonry, or simply mud structures; and we know that 
a horizontal velocity of 3 to 4 feet per second is sufficient to fracture such struc- 
tures.! 

Laxdslips.—Several secondary effects of the earthquake were noticed. 


1 The Neapolitan Earthquake of 1857, Mallet, Vol. IT, p. 346. 
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A large landslip occurred at Larri-dur, a place about 7 miles south of 
Baramula. This village was situated upon a hill lying N,W.—S.E., composed 
of slightly hardened Karewa! clays resting upon sandstone and dipping to N.E. 
at 5° to 10°. Above the clay is surface soil of varying thickness. The upper 
30 feet of clay and surface soil has slipped along to the dip, exposing a fresh 
smooth surface of clay. The line of parting ran along the length of the hill, 
and a fissure has been formed along this line varying in width from 80 feet at 
the S.E. end to about 500 yards at the N.W. end, and with a length of about 
half a mile. To the N.E. of the narrow end of the fissure another slip has taken 
place from the side of the hill. The mass of clay and surface soil that has slipped 
is all piled up to N.E. of the hill in the little valley situated there, and all the 
huts that lay in its path were of course buried. 

The slip was probably due to the presence of water in the clay, which must 
have accumulated along the plane of bedding, thus producing a soft water-satu- 
rated stratum over which the upper mass would readily slide. With the upper 
mass thus situated, floating as it were on a layer of slime, a slight shock might 
be quite sufficient to fracture it and cause it to slide by reason of its own inertia. 

Fissures and sand craters—In many places, as at Patan, Dubgaon (at the 
junction of the Jhelam and Pohra rivers), along the banks of the river at and 
above Baramula, numerous fissures were formed in the alluvial soil, of no great 
width (mone exceeding a yard across) and all running roughly parallel to river 
banks or else across the slope of hills. 

In the neighbourhood of many of these fissures water and fine sand were thrown 
out, and the villagers stated that there was a strong sulphureous smell given off 
from the sand for several days. This smell was probably due to sulphuretted 
hydrogen gas (S. H.,) produced by the slow decomposition of the strings of 
vegetable matter imbedded in the alluvial soil. In one case at Nila, near Patan, 
I saw an inflammable gas without odour being slowly evolved. This was probably 
marsh gas (C. H ,) or one of its homologues, produced in the same manner. 

Effect on springs.—Several springs were affected by the earthquake, the flow 
of water being increased for periods of time ranging from a few hours to as many 
as eight days. 

The country occupied by the meizoseismal area is entirely composed of recent 
alluvium, and that within the first isoseismal line is almost entirely of the same 
character, the Karewa beds (pleistocene alluvium) coming into the N.W. 
of the area in the neighbourhood of Baramula, and down the river below 
Baramula the alluvial deposits are underlaid at a short depth by the more in- 
durated rocks of the Panjal system, which also appear to the east of Srinagar. 

Subsequent shocks.—The slight shocks subsequent to the great one continued 
at intervals up to as late as August 16th, on which date there was a shock at 

about 7 4.M., since that time I have seen no reports, though the shocks probably 
continued to a much later date. 

Desirability of erecting seismometers.—In a country like Kashmir, subject as 
it is to earthquake shocks at frequently recurring intervals, it would be highly 
desirable, especially in the absence of buildings suitable for seismological observa- 


? Old lacustrine or fluviatile deposits now eroded into plateaus and terraces. 
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tions, to have at one or more stations seismometers erected, and should this for 
any reason be found impossible, it might still be practicable to erect at several 
points masonry pillars surrounded by a rough wooden fence and placed in 
charge of the headmen of the villages if necessary, which, if overthrown or 
fractured by an earthquake shock, would to a great extent supply the place of 
ordinary seismometers. 

In conclusion, I would thank Colonel Sir O. St. John, K.C.S.1L., R.E., the 
officer on special duty in Kashmir, and all the officials of His Highness the late 
Maharaja of Kashmir and Jamu with whom I came in contact, for the assistance 
rendered me during my stay in Kashmir and without which it would havo been 
almost impossible to carry on the investigations. 


Notes on the results of Mz. H. B. Foots’s further excavations tn the Billa Surgam 


Caves, by R. Bruce Foor, F.G.S., Superintendent, Geological Survey of 
India. 


The further exploration of the Billa Surgam bone caves during the season 
1884-85, by Lieutenant Foote, R.A., have been rewarded with a rich collection of 
fossil bones, together with many traces of the contemporaneous existence of man in 
the form of rather rude bone implements and other cut bones of great interest. 

Lieutenant Foote resumed work at Billa Surgam in December last, and conti- 
nued at it till the end of May. Previous to his return to military duty, he spenta 
few days with me, assisting me in unpacking the collections he had made, and 
explaining various points connected with his work. He subsequently drew up 
an interesting report of the work effected, much of which will be quoted fur- 
ther on. 

With reference to the condition in which he found the caves on his return in 
December (1884), he reported: ‘‘ I found everything just as I had left it at the 
end of May previous. The north-east monsoon having failed, the spoil banks 
were untouched, so I could not judge whether the stream which flows through the 
caves in wet weather is of any size.” 

“ On first re-commencing operations, I determined to finish off the layer Ce 
in the south corner of the Cathedral cave, and also the 
remaining cave earth in the Charnel House before pro- 
ceeding to excavate over the whole area of the Cathedral.” 

‘“When the Charnel House cave was finished, as I had as many men at work 
in the Cathedral as I cared to have, I set the Charnel House gang to dig in the 
small cave which opens into Chapter House onthe side. The results obtained 
will be given further on,” 

Mr. Henry Foote further examined, at my special request, the little grass-grown 
patch—"“ the garden”’—on the cliffs above the north Chapel 
cave, as it seemed a very likely place to have been resorted 
to by possible cave dwellers as a strong terrace well suited for cooking and for 
basking, and whence they could keep a good look-out against sudden attacks from 
enemies. The little terrace was completely dug over down to the rock, but 


Order in which the 
work was pursued. 


The Garden. 
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yielded nothing of interest. No further excavation was attempted in the Purga- 
tory cave. 
The second series of excavations made in the Cathedral cave was much less 
_ .  @asy to effect than the first, as he had to contend with 
Pee eae laos great masses of hard stalagmite, much of which had to be 
blasted, while the rest was broken up with cold chisels. 
The excavation of the whole area of the Cathedral cave was effected to a 
depth of 16 feet, and in the southern corner a wide shaft 
sae A eit was sunk to a farther depth of 21 feet, making a total of 
37 feet from the original surface. The sinking of this 
shaft revealed the existence of a passage opening from the south. This passage, 
to which the name of the “Corridor ” was given, was followed up, and at a dis- 
tance of 55 feet southward of its mouth was found to lead into another larger 
passage running cast and west. 
On the south side of this east and west passage, and opposite to the mouth 
The Corridor. of the Cozridor, another passage was found running south 
apparently, but for want of time not excavated. 
The east and west passage formed a domed chamber, measuring, before the 
excavation of its floor was commenced, 25 feet by 12 feet, 
a a witha height of 10 feetin the centre. <A large fine stalactite 
hung from the centre, and below it was a large mass of stalagmite, the off-flow of 
calciferous water, from which had formed a stalagmite crust from 4 to 1 inch 
thick over the floor of the chamber. At the eastern extremity of the chamber 
the roof of the cave sloped down to about 2 feet from the floor, and here occurred 
“a perfect forest of most beautiful little stalactites, some forming delicate little 
pillars, others branching off into tree-like forms as ramified as the most elaborate 
corals.” Tothis chamber Lieutenant Foote gave the name of the “ Fairy Cham- 
ber” after the beautiful little cave at Caldy, m Pembrokeshire, so graphically 
described by Professor Boyd Dawkins in “ Cave-hunting.” The western end of 
the “ Fairy Chamber ” was filled with cave earth, which proved very rich in good 
specimens, a8 did also that in the “ Corridor.” The atmosphere in the Fairy 
Chamber was extremely close and steamy, and it was impossible to be init for 
many seconds without being bathed in perspiration. 
The series of beds exposed during the excavation of the Cathedral cave 
; is given below in tabular form. The several layers in 
ee bedsin the hich the thicker beds were taken out, and the marks 
with which their fossil contents were registered, are also 
shown :— 


9. Surface, or bat’s dung, bed . - C Average thickness . 8 
8. Grey sandy bed, with some bat’s dung - & 
7. Stalagmite in irregular masses 


6. Red sandy cave earth . P 2 . Ca 3’ 
excavated in . «fo. 0 3° 
6. Stiff red clay 5 fire layers of tj :: et 9’ 3’ 
3’ each. ie 3/ 


: » 2 3’ 
4. Stif dark marl . ; ° : .{ et 6’ 3 
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8. Dark loamy mar! : ‘ Ch : : nae 
2. Grey marl ‘ : ‘ ‘ f ” ite ° i ; ° : 
1. Grey marl a ile 4 


Of the above formations everything down to the base of 5 (Cd) was entirely 
removed, and the underlying formations were exposed in a wide shaft sunk in the 
south corner of the cave (to a depth of 37 feet from the surface) ; the average thick- 
ness of the mass removed over the whole area of the cave was 16 feet. The beds 
showed a general low dip north-westward. 

With reference to the surface (bat’s dung) bed, Lieutenant Foote states: 
“This bed varied very much in thickness, being 4 feet thick 
behind the high altar and only 1 foot thick on the north 
front of the cave, but it increased again on the south front, until behind some of 
the stalagmite masses in front of the high altar it attained a thickness of 6 feet. 
There were many small bones in it, most of which had lost their gelatine.” 

Of the upper bed of grey sandy cave earth (C,), he remarks it “is much infil- 

ie trated in places with colouring matter, and at the top a 

; good deal mixed with bat’s dung—in fact to the presence 

of the latter I attribute the grey colour of the earth, which would otherwise 

have been nearly white from calcareous infiltration. The stratification was 

‘‘very indistinct. There were very few large bones found, but plenty of small 
ones, which had all lost their gelatine but were not mineralized.” 

‘“‘ Before excavating the next layer (C a), I had to remove the barrier of stalag- 
mite across the cave; the softer blocks I broke up with 
cold chisels, but the great majority had to be blasted ; 
and in all I removed some 50 tons of rock.” 

‘““C a, as I termed the next layer of earth, was a red sandy bed about one yard 

Tayenwe thick, but in the front of the cave it was considerably 

thicker in places owing to the stream (flowing from the 

back of the cave) having scooped out channels in the underlying red clay which 
were filled up with the sandy bed.” 

‘‘This bed partly underlies the high altar, and also contains a good many 
blocks of limestone—in fact in front of the altar it was entirely replaced by the 
basement blocks of the stalagmite barrier which here formed a regular floor. 
Many of these blocks of stalagmite are im situ, and as they are of large size, 
(some being 4 or 5 feet high), the underlying cave earth (C b) must be of great 
age, as, owing to the very dense nature of the greater part of these blocks, they 
must have been formed slowly.” 


Surface bed. 


Stalagmite barrier. 


Referring to the red clay bea( O °) Lieutenant Foote writes :— Another 


b. fact which points to the great age of this clay bed is that 

Bed C c. its surface is cevered with a regular pavement of fallen 

d. blocks of limestone; and as most of them are small, they 

would seem to be rather the result of the slow breaking up of the roof owing to 
weathering than of any sudden disturbance of the rock by earthquakes. 
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The layer C c of the red clay was found to be very rich in teeth in places, but 
very poor in front of the high altar. Like the overlying 
layer, this becomes much more sandy as it goes back 
behind the high altar; and as it becomes more sandy, so are the large bones and 
teeth replaced by small ones. With regard to these beds being rich in some 
parts in small bones, which are almost entirely absent from them in other parts, 
I would suggest that it is most likely owing to the bed being higher behind 
the high altar than elsewhere, it might therefore have been high and dry there 
when the other parts were under water, and consequently it would have been 
chosen as a resting-place by the owls, &c., which came to make their castings in 
the cave. 

The surface of the underlying dark marl bed (C £) was found to have been 


scooped out by stream action to a depth of some 2 to 23 feet; and where this had 
been the case, the overlying red clay was by so much the thicker than elsewhere. 
The excavation of C d brought to light the mouth of the Corridor passage leading 
southward into the Fairy Chamber, into both of which the red clay extended and 
maintained its character for richness in fossil remains. 

Cd yielded nearly all the important large bones found, and, excepting C b, 
was richest in small bones as well. Of cut bones Cd yielded nearly twice as 
many as all the other beds together. 

The several beds penetrated by the shaft sunk by Lieutenant Foote after 
clearing out the whole of Cd and all above it, were of much less interest than the 
red clay above them, from the fact that they yielded but few good bones and 
teeth, most of the tolerably numerous fossils being fragmentary. 


In this respect the lower half of the dark marl bed 
Bed C ¢ (C =) was better than the upper, which contained little 
but fragments of teeth, many being parts of molars of 


Layer Cc. 


Rhinoceros. 
The underlying dark loamy bed Ch was fairly rich 
tila in small bones, amongst which many belonging to different 
genera of birds, 
: Of the remaining beds, Ci and Cj became increasingly 
Cc Ft poor in bones, while Ck and C1 are, to all intents and 
ag E. purposes, sterile, so much so that Lieutenant Foote does not 
consider them worthy of further exploration. 


In the front portion of the Charnel House cave, where Lieutenant Foote had in 
his first exploration reached a depth of 274 feet, he descended through 8 feet of 
stiff grey marl to the bottom of the cave at a total depth of 353 feet from the 
original surface. No bones were found in this grey marl, 

At the eastern or inner, extremity of the Charnel House the passage widened out 
somewhat as followed eastward, and at the crossing of two master-joints in the 
limestone formed a star-shaped well (in plan), from which 18 feet of stiff red-clayey 
earth had been removed. Ata depth of 27 feet the passage widened out in the 
cross joint and could have been entirely cleared; but as this would have involved 
costly timbering to shore up the sides, and the cave earth was very sterile, Lieute- 
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nant Foote judged it wiser simply to sink a pit in the centre of the cave, which was 
from 5 to 6 feet wide. The sinking was effected in depths of a yard each tilla depth 
of 58 feet 6 inches was reached when the passage contracted suddenly from 
5 feet to 6 inches and could be followed no further. 

The results obtained by the excavation of the little cave on the south side of 
the Chapter House were small, the only point of real interest was that of a large 
human molar in a bed of red cave earth about 4 feet below the surface, the only 
human bone found anywhere in the true cave earth. The red cave earth was over- 
laid by black gravel from 1 to 15 foot thick. 

A remarkable fact, not easy of explanation, is the almost total absence of the 

ideal Oe nies skulls of the animals whose bones are mct with in the 

caves. With the exception of two or three tolerably per- 

fect skulls of bats which live in the cave, no entire crania or large fragments of 

crania were found, though many mandibles or rami of mandibles with or without 

their teeth were met with, from those of Rhinoceros down to those of minute shrews 

and rodents, &c. Teeth of many genera, especially ruminant and rodent, were 
obtained in considerable numbers, and mostly in excellent preservation. 

A fairly large number of genera not found during the first exploration have 
now to be added to the preliminary list of the cave fauna, especially among 
minute mammals, birds, and reptiles. 

The working out of the remains obtained at Billa Surgam will furnish 
materials for a very valuable chapter on the prehistoric fauna of South India, 
though the anthropological results so far obtained are rather disappointing from 
their negative character. 

The following is a tentative preliminary list of the fauna of Billa Surgam, in- 

cluding some additional forms not found in the first collec- 


tion made. These have an asterisk prefixed to their 
names, 


Preliminary list of 
una. 


MAMMALIA. 


Presbytis (Semnopithecus) priamus P 
Macacus? sp. 
Chiroptera, several. 
Sorex sp., small. 
Tupaia P sp., small. 
Ursus? sp. 

Felis tigris. 

Do. pardus ? 

Do. sp., medium sized. 
Do. sp., small. 
Viverra zibetha ? 

* Paradoxurus ?P 
Herpestes griseus ? 
Canis sp. 

Sciurus? 
Mus sp. 

# Nesokia sp. 

Hystrix leucurus. 
Lepus sp. 
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Rhinoceros sp.? javanicus. A possible second (smaller) species is suggested by difference 
im size and shape of posterior upper molars. 
* Equus sp., large. 
Do. sp.? small. 

Sus indicus, 

Rusa aristotelis. 

Axis maculatus. 
* Cervulus aureus ? 

Memimna. 

Antilope bezoartica ? 
* Gazella bennettii ? 

Portax pictus. 

Capra ? 

Ovis ? 

Bos sp. 

Gaveous P 
* Manis pentadactyla. 

AVES. 

Genera belonging to the orders Grallatores, * Rasores, 

* Scansores P, * Insessores, and Raptores. 


REPTILIA. 
Crocodilus sp. 
Varanus dracena. 


Agama ? 
Lacerta ? 
* Ophidia, several sp. 
* Emys sp. 
* Phelone sp. 
AM PHIBIA. 
Rana sp., small. 
Ditto sp., very large. 
Bato? 

In their mode of occurrence, the bones, &c., collected during Lieutenant Foote’s 
second season presented the same features as those of the first. Most of the 
bones and teeth occurred detached, and many of them had been cut or broken 
before being entombed in the several caves. Of the few large bones found, the 
most important belong to the genera Rhinoceros, Bos, and Equus. 

Of the larger teeth collected, there are a fair series of Rhinoceros and Equus. 
Of bovine ruminants, of Sus and Hystrix many teeth were collected. Very large 
quantities of small bones left in the caves by birds of prey making their castings 
were found in almost all the layers of cave earth removed, as was the case in the 
earlier excavations. 

As before, no traces were found of the continued residence of man or of large 

No signs of continued carnivora in any of the caves. No cooking-places of any 
residence of manor large size were found, though here and there scraps of charcoal 
animals. or a little ashes occurred, nor was any pottery met with in 
any of the lower lying beds. Only very few calcined or charred bones were found, 
aad they were in the superficial deposits of the Cathedral and Purgatory. 

As in the Charnel House the bones found in the Cathedral were washed in 
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from behind through passages communicating with the surface of the plateau 
above, and the main stream flowing through the body of the Cathcdral caiion 
seems to have deposited only barren strata of sandy and stony character. 

Of the streams which filled the Cathedral, one flowed in from the east, enter- 
ing the apse close to the north side of the high altar, the other entered from the 
south through the Corridor. It is not improbable that another passage enter- 
ed the apse of the Cathedral from the south-east, but is now hidden by tho great 
stalagmitic mass of the high altar. 

Of the cut bones a considerable number are so shaped as to necessitate the 
conclusion that they were fashioned for special purposes ; 
others, and they are much more numerous, though often 
elaborately cut, are so vaguely shaped that it is hard to conceive their having been 
prepared for any definite object ; they rather suggest the idea that their fashioners 
were simply amusing themselves as they whittled them. 

Besides these trimmed bones most of the large bones found, and many of the 
smaller ones as well, show signs of man’s agency in having 
been cut and scraped, and often to @ great extent. 

All the large bones had been set aside and registered as they were exhumed 
in the caves, also a large number of smaller bones and teeth ; but a more careful 
examination of the numerous parcels of small bones brought from Billa Surgam, 
which examination could not be undertaken on the spot, has yielded many hun- 
dreds more of important bones and teeth and cut bones of medium and small sizes. 
There can be no doubt, however, that yet many more will reward the exhaustive 
examination, to which they will have tu be submitted by the pal-osteologist, by 
whom the whole series of ‘ finds’ is to be worked out finally. 

A. census of the selected and registered specimens shows them to number 

4,700 in round numbers, of which 3,000 are bones or teeth 
sr ies the selected 44 the rest cut and trimmed bones. Of these latter 

some 200 may be considered to represent real implements 
prepared with a definite purpose. Of the remainder it is hard to say with what 
object they were trimmed into the shapes they now show. 

None of the implements with which the cuttings were effected were met with 

Cuttings probably in the caves, but from the peculiarity of the cut surfaces 
effected with stone im- which are very scratchy, not clean and smooth, it is difficult 
plements. to resist the inference that the implements used were not 
made of metal but of stone. The cuts show that the implements were used much 
more with a sawing or heavy scraping action than with achopping one. None of 
the bones, so far as I have examined them, show the splitting off of chips beyond 
the cut which invariably accompanies the action of heavy metal implements. 

Bones showing the marks of teeth of carnivora are not very numerous, 
nor do many show the grooved markings made by the teeth of rats and other 
rodents. 

As stated above, no stone implements were found, though Lieutenant Foote, 
who is quite familiar with such antiquities, devoted very 
special attention to the search for them and examined per- 
sonally many thousands of stones turned up during the 


I 


Bone implements. 


Nondescript cut bones. 


No stone implements 


found. 
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excavations, besides exhibiting typical implements both paleolithic and neolithic 
to his diggers. One possible implement may be admitted in the shape of a tiny tri- 
angular flake of transparent quartz found by Lieutenant Foote during his first 
season at the caves. Such flakes have unquestionably been converted into drills 
by neolithic and other peoples. 

; Among the worked bones shaped for specific purposes, 
Pci oe he following forms appear to be recognizable :-— 


Awls. 
Arrow heads, unbarbed. 

Ditto with one barb. 
Spear or harpoon heads, small. 
Dagger. 

Scraper knives. 

Scrapers. 

Chisels. 

Gouge. 

Wedges. 

Axe heads. 

Sockets, double, large and small. 
Ditto, single. 


The most remarkable of these implements is the gouge, already described in 
my second paper on the caves, and the dagger which is made of the calcaneum 
of some large (ruminant?) animal. The calcaneum proper is the handle, and 
the narrow blade of the implement is cut out of the united fibula and tibia. It 
would be a formidable weapon in the hand of a strong man. 

None of the supposed arrow or harpoon heads show more than one barb, which 
appears always to be basal, but a number of them are rudely waved as if antici- 
pating the Malay Kriss. The supposed whistle is a digital bone, apparently 
of an antelope, of which the distal end has been cut off. It is not an effective 
whistle, and might very possibly have been intended as a handle to some small 
boring implement. 

These cut bones are being sent to Europe together with the other cave trea- 
sures, as no collections of prehistoric bone implements exist in India with which 
to compare them. 

A single cylindrical bead fairly well shaped, made of some dark brown material 
(possibly bone), was found in the upper layer of cave earth C in the Cathedral 
cave ; it was associated with numerous bones but no other articles of human work- 
ship. The perforation of the bead is well drilled, and the aperture at each end 
slightly enlarged by the use of a larger sized drill. 

It 1s impossible to describe these implements more fully unless they were 
figured, which I trust they will be in the full memoir to be drawn up about the 
Kurnool caves. 

As to further explorations of the Billa Surgam caves, I think the excavations 

ae sede should certainly be continued so far as to remove the re- 
Pai rcilrrisg id farther mainder of the red clay Cd from the Corridor and Fairy 
Chamber. Further exploration of the Billa Surgam and 
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other caves should be carried out by a prehistoric Archmological Survey Depart- 
ment, for which there is a very large field of work in the south of India. 

Several other caves being known by report in other parts of the Kurnool 
District, of which it was desirable to huve some positive 
information, Licutenant Foote and I devoted the Chmrist- 
mas week (1884) to visiting them. The following caves were seen by us :— 

1. A group of small caves lying 3 miles north of Billa Surgam, and known as 
the Boganpalli caves. 

2. Two small caves lying south-west of Owk, in the south-western part of Koil- 
kuntla Taluq. 

3. A little cave in the centre of the village of Billam, in Banaganpalli State, 
and exposed at the bottom of a well. 

4. A large and important cave about a mile south-west of Billam village. 

5. A deep well-like chasm into which a long flight of steps descends to the 
sacred spring of ‘‘ Nela Billam,” about 6 miles north-east of Tarpatri. The two 
Owk caves, the little Billam cave, and the ‘‘ Nela Billam ” cave, are full of water 
in their lower passages as far as we could explore ; but the great Billam cavo ig in 
wet weather a subterranean water-course traversed by a furious torrent. 


Two other caves west of Gorlogunta, near Billa Surgam, were visited by Lieu- 
tenant Foote early in 1884, Of all these caves the Boganpalli group alone seems 
to promise good results to future explorers. 

In conclusion I would remark that Lieutenant Foote carried out his work with 
great zeal and tact, and no little devotion to duty, for he was working in a deso- 
late out-of-the-way valley out of reach of civilisation and all society. For, except- 
ing myself for a few days, he saw no European for months together, which is no 
small trial to a young man fresh from all the gaiety and life of Bombay. 

Besides the excavation work Lieutenant Foote took a number of very success- 
fal photographs of the Billla Surgam and other caves which he had not been 
able to do with the large wet-plate camera lent him by Government during his 
first season. 


Other caves visited. 


On the mineral hitherto known as Nepaulite, by F. R. Matuet, Superintendent, 
Geological Survey of India. 


In 1853 a rather large collection of rocks and minerals from Nep&l was 
presented by General Jung Bahadur to the Asiatic Society of Bengal. The 
greater part of these were found by Mr, H. Piddington, Curator of the Society’s 
Museum of Economic Geology, to be of no value, but one ore attracted his atten- 
tion as being unfamiliar, and was subjected by him to examination and analysis.* 
The mineral was said to have been found in considerable quantities not far from 
Khatmandu, and, being easily fusible, to have been used for casting into cannon 
balls, which, however, flew to pieces on being fired. Mr. Piddington described 
the mineral as a carbonate, mainly of bismuth, copper and iron, and pronouncing 


1 Jour. As. Soc. Bengal, Vol. XXIII, p. 170. 
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it to be a new species, gave it the name of ‘ Nepaulite,’ from the country whence 
it had been sent. The analysis given by him is as follows :— 





Metallic 
about 
Sulphur : ‘. 1:60 
Silex ., 3°60 
Carbonate of ‘Protoxide of Bismuth 34 80 246 
Carbonate of Copper 22°96 14°40 
Per-Carbonate of Iron 25 62 9°21 
Ox : Cerium : 9°40 
Lanthanum P 2°80 
100°78 


Also traces of silver. 

Mr. Piddington described the mineral as having a metallic lustre. “ In external 
appearance it resembles exceedingly some of the varieties of granular and massive 
plumbago, or antimonial ores, which, at a first glance, and where the quartz 
matrix has no blue stain, it might well be mistaken for. The fresh fracture is of 
course somewhat brighter and more steely than the old surface, which like that 
of the plumbago ores is of a duller black, though always with a good metallic 
glance.” But he makes no allusion to the remarkable peculiarity that ‘ Nepaulite ’ 
differed in this respect from all previously known native carbonates, the lustre of 
which is, without exception, non-metallic. This fact was in itself sufficient to cause 
some suspicion as to the correctness of the analysis given. 

In 1866 the geological and mineralogical collections of the Society were 
handed over to Government, and in 1876 were transferred to the Geological Mu- 
seum. During the arrangement of our economic collections I submitted the 
specimens in question to an examination, which, though very partial, was sufficient 
to prove that the ore contained a large proportion of sulphur, and also of antimony, 
and that the analysis quoted above could not possibly be correct. It is, however, 
only recently that I have been able to examine the substance more completely. 

The mineral has a metallic lustre, iron-black colour, and dark brown streak 
slightly tinged with red. It is uncrystallised, and occurs irregularly through a 
somewhat translucent quartz-rock, which has a granular structure, with apparent 
traces of foliation, suggestive of its being a metamorphic quartzite rather than a true 
vein-stone. Azurite, malachite, melaconite, cervantite, smithsonite, ochre, calcite, 
&c., occur in association with the sulphide ore, most of them being probably results 
of its alteration. The sulphide is so mixed up with the gangnue that it was only by 
laborious picking that enough could be separated for an analysis, which gave— 


Sulphur 21°13 


Autimony. Sw ok. 25-17 
Arsenic . ‘ ° 5 . ‘ ‘ ; ‘ ; ‘ eo as 
Copper. ; , * : . ‘ ; ‘ ‘ . 69 . 
Silver traces 
@ e e e e "80 
Iron, : : : . 5°38 
Zinc. 5 ‘ Z 2°44 
“‘Caicium carbonate : - - 1°07 
pao mare %” ; ‘ : 138 
Insoluble gangue "68 
(Oxygen, carbonic acid, water & loss 8°75 


10000 
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The oxygen, carbonic acid, and water are due to malachite, azurite, and mela- 
conite, from which the sulphide ore could not be wholly freed. Cervantite was also 
not improbably present in small quantity, although, like the calcium carbonate, not 
visible to the eye. The number of minerals of apparently secondary orivin in 
association with the sulphide, and the somewhat large proportion in which they 
occur, seem to indicate that the specimens were obtained from near the surface. 
Hence it is not unnatural that the sulphide should be in a somewhat altered condi- 
tion. As an indication of the exact composition of the fresh and unchanged 
mineral, the analysis is therefore unsatisfactory, but it suffices to show beyond all 
doubt that the mineral is tetrahedrite of a common type. The above figures 
correspond to the formula R, (Sb As), Sg = Ry (Sb As); &., the excess of metals 
over the proportion required for the formula R, (Sb As), S, being certainly in 
part, and probably wholly, due to the occurrence of some of them partly in an 
oxidised state, owing to the alteration of the mineral just alluded to. 

Considering tle wide discrepancy between the preceding two analyses, the idea 
may perhaps suggest itself that they refer to altogether different specimens. But 
those which I examined were handed over to Government direct from the Asiatic 
Society’s Museum; they agree in their general outward appearance with the descrip- 
tion given by the author quoted, and when they came into our possession the 
word ‘ Nepaulite’ was found marked upon them in oil paint. 


Notice of the Sabetmahet Meteorite, by H. B. Mepuicort, Geological Survey of 
India. 

Sabetmahet is a small village in the Gonda district of Oudh, close to Muthura- 
ghat on the Rapti, about 11 miles north-west of Balrampur, approximately at 
82° 7' E, Long. and 27°-35' N. Lat. The fall occurred on the evening of the 
16th of August 1885. The stone is an average oligo-siderolite, 7.¢e., having but a 
moderate admixture of meteoric iron, and so, under the circumstances explained 
in the following extracts of correspondence, there was no occasion to press the 
claim for surrender, The weight of the whole stone is given as 2lbs, 13°77 
ounces (129704 grammes). A very small portion was sent as a sample— 


Larger piece j . . : . : ° ; 152 grammes, 

Smaller piece : : : : 59 . 

Minute fragments, aggregatiag : : ‘ : : $0 - 
Total : 2°34 grammes, 


The record is only worth publishing to illustrate what honour meteorites 
receive among our “Aryan brothers” of the period in Hindustan. The story 
moreover exemplifies a universal evil—the influence of priests and through them 
of women in dragging men to superstition : yet, 

Das Ewig-Weibliche 
Zieht uns hinan, 
Extract of a letter from the Deputy Commissioner of Gonda, dated 5th September 
1885. 


“The stone was brought in from Balrampur piously wrapped in a cloth and 
carried by Brahmans. It was decked with flowers and it had been daily smeared 
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all over with ghee [clarified butter] which made the smooth exterior look quite 
the colour of iron, and it had been subjected to frequent puja [ceremonial 
worship | and coatings of sandal wood powder, which latter I carefully washed off, 
The villagers, where it fell, had started a subscription to build a shewala over 
the aerolite, which was looked upon as a Mahadeo, and the Maharani with her 
accustomed liberality had promised money assistance for the construction of the 
shrine. * * = . = , 

“In the present instance I can very clearly see that to take this aerolite from 
the superstitious villagers who have obtained possession, and who have been for 
days doing puja to it, would cause to them the most profound disappointment 
and sorrow. I believe, too, the Maharani on whose estate it fell having evinced 
her superstitious sympathy by giving a money subscription would with the 
people feel hurt if the aerolite were appropriated by the Government.” 


Extract from the evidence of the man who saw the stone fall and dug it out ; attested 
by the Deputy Commissioner, dated 3rd September 1885. 

“On Sunday, at a quarter after 5 p.m., I made over the stone to Gur Purshad 
Goria and went home. It was of a kunkur colour up to that time [no doubt 
from adhering clay]. Next morning people assembled, and Mahesh Pandit also 
came. Gur Purshad washed the stone; the Pandit then said that he (Gur Purshad) 
ought to worship it. A terrace was then made at the same place where the stone 
had fallen, and it was put on it. On Monday morning when I saw it, it was of a 
kunkur colour. The more it was worshipped the more it became black.” 


ADDITIONS TO THE MUSEUM. 
From lst Jury To 30TH SEPTEMBER 1885. 


Five specimens of Eozoon Canadense, from Sir William Dawson, Montreal. 
PRESENTED BY H. E. tHe Countsss oF DUFFERIN. 
A sample of fire clay from Mangrup, Meywar, Rajputana. 
PRESENTED By CotoneL C. K. M. Water, Resipent, Mreyrwar. 


ADDITIONS TO THE LIBRARY. 


From lst Jury to 30tH SrepremsBerr 1885. 


Titles of Books. Donors 
ASHBURENER, Charles A.—Brief description of the Anthracite Coal-fields of Pennsylvania, 
8° Pam. Philadelphia, 1884. THE AUTHOR. 


Betz, I. Lowthian.—Principles of the manufacture of Iron and Steel. 8° London, 1884. 

Bronn’s Klassen und Ordnungen des Thier-Reichs. Band II, Porifera, Lief. 8—10; and 
Band VI, Abth. III, Reptilien, Lief. 46—-47. 8° Leipzig, 1885. 

Cuater, Josepk.—The Indian Coal-mines: is legislation necessary to regulate their work- 
ingP 8° Pam. Calcutta, 1885. Tux AUTHOR. 

Encyclopedia Britannica. 9th edition. Vol. XIX. 4° Edinburgh, 18865. 

Fairz, H.—Die Sonne. 4° Pam. Basel, 1885. Natorat History Society, Zixicg. 
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Titles of Books. Donors. 


Gimaet, Dr. C. W.—Ueber zwei jurassische vorlaufer des Foraminiferen-Geschlechtes 
Nummulina und Orbitulites. 8° Pam. Tue AUTHOR. 
Hitrcucock, Edward.—On certain points in the geology of Massachusetts. 8° Pam. 
Amherst, 1853. State LIBRARY OF MassaCHUSsETts. 
JaGnaux, Raoul.—Traité de Minéralogie appliquée aux arts, a l'industrie, an commerce et 
4 l'agriculture. 8° Paris, 1885. 
Jupp, John W.—On the tertiary and older Pcridotites of Scotland. 8° Pam. London, 
1885. Tuk AUTHOR. 
Mercalli, Giuseppe.—Sull’ eruzione Etnea del 22 Marzo, 1883. 8° Pam. Milano, 1853. 
Tur AvivoRr. 


Sulla natura del terremoto ischiano del 28 luglio 1883. 8° Pam. 
Milano, 1884. THE Atrtior, 

ms Su alcune rocce eruttive comprese tra il Lago Maggiore e quello 
d’Orta. 8° Pam. Milano, 1885. Tur AUTHOR, 


Moreans, William.—Manual of Mining Tools. With atlas of engravings. 8° and 4°, 
London, 1871. 

Mvur.irer, Ferdinando de.—Index perfectus ad Caroli Linnzi species plantarum. 8° Pam. 

Melbourne, 1880. Tne AcCTHOR. 

Norriine, Fritz.— Ueber Crustaceen aus dem Tertiaér Aegyptens. 8° Pam. Kainiesberg, 1885. 

Toe AUTHOR. 

Paléontologie Francaise. 1° série Animaux Invertébrés, Terrain Jurassique. Livr. 78. 
8° Paris, 1885. 

QuenstED?, Fr. Awg.—Handbuch der Petrefaktenkunde. Auflage III, Lief. 23. 8° Tiibingen, 


1885. 
Scientific results of the Second Yarkhand Mission; Araneidia. By the Revd. O. P. Cam- 
bridge. 4° Calcutta, 1885. GOVERNMENT OF INDIA. 


ScuppvEE, Samuel H.—Nomenclator Zoologicus. 8° Washington, 1882—1884. 
TaARAMELLI, Z. and MERcatLi, G.—Relazione sulle osservazioni fatte durante un viaggio 
nelle regioni della spagna colpite dagli ultimi terremoti. 8° Pam. Roma, 


1885. THe AUTHORS. 
Tromson, Sir C. Wyville, and Murray, John.—Report on the scientific results of the 


voyage of H. M. S. Challenger during the years 1873—76. Narrative. 
Vol. I, pts. 1-2; and Botany. Vol. I. 4° London, 1885. 
SECRETARY OF STATE FOR INDIa. 
Vitua, Giovanni Battista.—Rivista geologica dei terreni della Brianza, 8° Pam. Milano, 


1885. THE AUTHOR. 
Ziano, Achille de.—Flora fossilis formationis Oolithice. Vol. II, pts. 4—5. 4° Padova, 
1885. 
Zrret, Karl A.—Handbuch der Paleontologie. Band I, Abth. II, Lief. 4. 8° Miinchen, 
1885. 


PERIODICALS, SERTAIS, &c. 


American Journal of Science. 3rd series. Vol. XXIX, No. 174, to Vol. XXX, No. 176. 
8° New Haven, 1885. THE EpitTors. 

American Naturalist. Vol. XIX, Nos. 4—6. 8° Philadelphia, 1885. 

Annalen der Physik und Chemie. Neue Folge. Band XXV, heft 3—4. 8° Leipzig, 1885. 

Annales des Mines. 8° série. Vol. VII, livr. 1—2. 8° Paris, 1885. 


L’Apmins. DEs MINEs. 


240 Records of the Geological Surney of India, [VoL. XVIII. 


Titles of Books. Donors. 


Annales des Sciences Géologiques. Vol. XVI, Nos. 83—4. 8° Paris, 1885. 

Annales des Sciences Naturelles. Botanique. 7° série. Tome I, Nos. 1—6. 8° Paris, 
1885. 

Annales des Sciences NatureJles. Zoologie et Paléontologie. 67° série. Tome XVIII, Nos. 
4—6. 8° Paris, 1885. 

Annals and Magazine of Natural History. 5th series. Vol. XVI, Nos. 91—93. 8° London, 
1885. 

Archiv fiir Naturgeschichte. Jahrg. L, heft 5., and LI, heft 1. 8° Berlin, 1884 and 18865. 

Atheneum. Nos. 3007—3019. 4° London, 1885. 

Beiblatter zu den Annalen der Physik und Chemie. Band IX, Nos. 6—8. 8° Leipzig, 1885. 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3"° période. Tome 
XIIT, Nos. 4~—6. 8° Genéve, 1685. 

Bibliothéque Universelle et Revue Suisse. 3"° période. Tome XXVI, No. 77 to XXVII, 
No. 80. 8° Lausanne, 1885. 

Rotanischer Jahresbericht. Jahrg. X, Abth. IT, heft 1. 8° Berlin, 1885. 

Fotanisches Centralblatt. Band XXII, Nos. 10—13, and XXIII, Nos.1—9. 8° Cassel, 1885. 

Chemical News. Vol. LI, No. 1333 to Vol. LII, No. 1345. 4° London, 1885. 

Colliery Guardian. Vol XLIX, No. 1267 to Vol. L, No. 1288. fol. London, 1885. 

Das Ausland. Jahrg. LVIII, Nos. 23—34. 4° Stuttgart, 1885. 

Geological Magazine. New series, Jecade III, Vol. II, Nos. 7—9. 8° London, 1885. 

Iron. Vol. XXV, No. 648 to Vol. XXVI, No. 660. fol. London, 1885. 

Jahreshefte des Vereins fiir vaterlandische Naturkunde in Wurttemberg. Jahrg. 41. 8° 
Stuttgart, 1885. 

Journal de Conchyliclogie. 37° série. Tome XXV, Nos. 1—2. 8° Paris, 1885. 

Journal of Science and the Arts Vols. 1—6. 8° London, 1816—1819. 

Quarterly Journal of Literature, Science and Arts. Vols. 7—29. 8° London, 1819—1830. 

Index to the first twenty volumes of the Quarterly Journal of Science and the Arts. 
8° London, 1826. 

Journal of Science. 3:d series. Vol. VII, Nos. 137—-139. 8° London, 1885. 

THE Eprror, 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th 
series. Vol. XX, Nos. 122—124. 8° London, 1885. 

Mining Journal with Supplement. Vol. LV, Nos. 2598—2610. fol. London, 1885. 

Nature Novitates. Nos. 12—-16. 8° Berlin, 1885. 

Nature. Vol. XXXII, Nos. 815—827. 4° London, 1885 

Neues Jahrbuch fiir Mineralogie, Geologie und Paleontologie. Jahrg. 1885. Band 1I, heft 
1—2. 8° Stuttgart, 1885. 

Paleontographica. Band XXXI, lief. 5—6. 4° Cassel, 1885. 

Petermann’s Geographische Mittheilungen. Band XXXI, Nos. 6—8. 4° Gotha, 1885. 

Supplement Nos. 78—79. 4° Gotha, 1885. 

Professional Papers on Indian: Engineering. 3rd series. Vol. IIT, No. 10. Fisc. Roorkee, 
1885. THoMason COLLEGE oF C. ENGINEERING. 

Quarterly Journal of Microscopical Science. New series. Vol. XXV, No. 99, and Supple- 
ment, 1885. 8° London, 1885. 

Zeitschrift fiir Naturwissenschaften. Folge 4, Band IV, heft 2. 8° Halle, 1885. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Beneat.—Quarterly Bengal Army List for July Ist, 1885. New series. No. 93. 8° 
Caleutts, 1885. GoOVSENMENT oF INDIA. 
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Titles of Books. Donors. 
BomBay.—Selections from the Records of the Bombay Government. New series. Nos. 166 
and 170—172. Fisc. Bombay, 1885. Bompay GovERNMENT. 


British BugmMa.—Annual report of the lighthouses off the coast of British Burma for 
1884-85. Flsc. Rangoon, 1885. Cuizr-ComMissioneEr, British Burma. 
Inp1a.— Descriptions of the meteorological stations at Calcutta (Alipore), Lucknow, Lahore, 
Nagpur, Bombay (Colaba), and Madras. 4° Calcutta, 1885. 
GOVERNMENT OF INDIA, 
” Indian Meteorological Memoirs. Vol. II, part 4, 4° Calcutta, 1885. 
GOVERNMENT oF INDIA, 
» Meteorological observations recorded at six stations in India in 1885, reduced and 
corrected. January to April 1885. 4° Calcutta, 1885. 
GOVERNMENT oF InpIa. 
ss General report on the operations of the Survey of India Department during 1883-84, 
F lsc. Calcutta, 1885. GOVERNMENT OF INDIA. 
List of officers in the Survey Departments, corrected to lst July 1885. Fisc. Calcutta, 
1885. GOVERNMENT OF INDIA4. 
si Government of India. Civil budget estimate for the year 1885-86. Fisc. Calcutta, 
1885. GOVERNMENT oF INDIA. 
4 Review of the accounts of the sea-borne trade of British India for the vear end- 
ing 3lst March 1885. By J. E. O’Conor. Fisc. Simla, 1885. 
GOVERNMENT oF INDIA. 


5 Review of the forest administration in British India for 1883-84. By L. Ribben- 


trop. Fisc. Simla, 18865. GOVERNMENT OF INDIA. 

9 Selections from the Records of the Government of India, Foreign Department. 
No. 202. Fisc. Calcutta, 1885. GOVERNMENT OF Invi. 
Mapkas.—Administration report of the Meteorological Reporter to the Government of 
Madras for 1884-85. 8° Madras, 1885. Mapras GOVERNMENT. 

‘i Magnetical observations made at the Madras Observatory in the years 1851-1855. 

4° Madras, 1884, Mapkas GOVERNMENT. 

5 Report on the agricultural operations on Mr. C. Kristnasawmy Maudaliar’s 


estate at Shiyali. 8° Pam. Madras, 1885. Mapras GOVERNMENT. 
Telegraphic longitude determinations in India. 4° Madras, 1884. 
Mapras GOVERNMENT. 
Nogru-WesTsern Provinces.—Civil statements of the North-Western Provinces for 1884, 
with prefatory note. Fol. Allahabad, 1885. 
GOVERNMENT OF THE NortTH-WESTERN PROVINCES AND OUDH. 
3 Report on the administration of the Northern India Salt 
Revenue Department for 1884-85. Fisc. Agra, 1885. 
ComMMiIssiONnER, NoRTHERN Inpra Sat REVENUE. 


os 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Batavia.—Notulen van de Algemeene en Bestuursvergaderingen van het Bataviaasch 
Genootschap van kunsten en Wetensclappen. Deel XXIII, Afl.l. 8° 
Batavia, 1885. THE Society. 

Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXX, Afl. 3—4. 

: 8° Batavia, 1886. THE Society. 
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Titles of Books. Donors. 
BatTavia.—Verhandlungen van het Bataviaasch Genootschap van kunsten en Weten- 
schappen. Deel XLV, Afil.1. 8° Batavia, 1885. THE Society. 
Beriin.—dZeitschrift der Deutschen Geologischen Gesellschaft. Band XXXVII, heft 2. 
8° Berlin, 1885. Tue SociEty. 
Boston.—Report to the Legislature of Massachusetts made by the Commissioners appointed 
under Resolve, chapter 60, 1884, upon the files, papers, and documents 

in the Secretary’s department. 8° Boston, 1885. 
Stare Liprary or Massachusetts. 
BrEsLav.—Zweiundsechzigster Jahres-Bericht der Schlesischen Gesellschaft fiir vaterlind- 


ische cultur. 8° Breslau, 1885. Tur SociEry. 
BrisBaNnE.— Proceedings of the Royal Society of Queensland. Vol, I, pts. 2-4. 8° 
Brisbane, 1884-1885. THE Socrery. 


Bristot.—Annual report of the Bristol Naturalists’ Society for the year ending 30th April 
1885, with list of members, &c. 8° Bristol, 1885. 
Tre SociEery. 
- Proceedings of the Bristo] Naturalists’ Society. New series. Vol. LV, part 3. 
8° Bristol, 1885. Tux Society. 
BrussELs.—Annuaire de l’Académie Royale de Belgique. 8° Bruxelles, 1884-1885. 
Tue ACADEMY. 
ss Bulletins de l'Académie Royale des Sciences, des Lettres de Belgique. 3° série. 
Vols. VI—VIII. 8° Bruxelles 1883-1884. THe AcaDEmMY. 
. Mémoires Couronnés et autres Mémoires publiés par Académie Royale des 
Sciences, des Lettres de Belgique. Tome XXXVI. 8° Bruxelles, 1884, 
THE ACADEMY. 


5 Mémoires Couronnés et Mémoires des Savants Etrangers publiés par l’Académie 
Royale des Sciences, des Lettres de Belgique. Tome XLVI. 4° Bruxelles, 

1884. THE ACADEMY. 

¥ Mémoires de ]’Académie Royale des Sciences, des Lettres de Belgique. Tome 
XLV. 4 Bruxelles, 1884. Tre AcaDpEemyY. 

5 Bulletin de la Société Royale Belge de Géographie. Annee IX, Nos. 2-3. 8° 
Bruxelles, 1885. Tax Socierr. 
BupaPest.—Naturhistorieche hefte, herausgegeben vom Ungarischen National Museum. 
Band X, No. 2. 8° Budapest, 1886. Taz Musrvm. 


BuEnos Arres.—Boletin de la Academia Nacional de Ciencias en Cordoba (Republica 
Argentina). Vol. VII, Nos. 1-2. 8° Buenos Aires, 1884. 


Toe AcapEMY. 
Catcurta.—Calcutta University Calendar, 1884-85. 8° Calcutta, 1884, 


H. B. Mzpuicort, Esq. 
9‘ Journal of the Asiatic Society of Bengal. New series. Vol. LIV, part I, 


Nos. 1-2. 8° Calcutta, 1885. Tux Socrery. 
” Proceedings of the Asiatic Society of Bengal. Nos. 4-7. 8° Calcutta, 1885. 
Tre Sovrety. 


ss Palwontologia Indica. Series X, vol. III, part 6, and XIII, vol. I, part 
4 (fasc.6.) 4° London and Calcutta, 1885. 

Guotoaican Survey or Inpra. 

oe Reoords of the Geological Survey of India. Vel. XVIII, part 8. 8° Caloutta, 

1885. Guonoeci0aL SuRvEY or Invi. 
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Titles of Books. Donors. 

Catcurra.—Report on the Archeological Survey of India. Vol. XX. 8° Calcutta, 1885. 

GovERNMENT or INDIA. 

i Survey of India Depmtment. Notes for May, June, and August 1885. Flsc. 

Simla, 18865. Surgvey or Iwnpta. 

CaMBRIDGE, Mass —Bulletin of the Museum of Comparative Zoology. Vol. XI, No. 11, 
and XII, No. 1. 8° Cambridge, 1885. 

Musrum or ComPaRaTivE Zoonoey. 

CHRISTIANIA.—Norwegische Commission der Europaischen Giadmessung. Vandstandsob- 

servationer, heft ILI. Geodatische Anbeiten, heft IV. 4° Christiana, 


1885. THE ComM™MISSION. 
Cincinnat1.—Journal of the Cincinnati Society of Natural Histo:y. Vol. VIII, No.2. 8° 
Cincinnati, 1885. THe Socrety. 
CoPpENHAGEN.—Mémoires de l’Académie Royale de Copenhague. 6™° série. Vol. I, 
No. 11, and II, No. 7. 4° Kjobenhavn, 1885. THE AcaDEMY. 

9 Oversigt over det Kongelige Danske Videnskabernes Selskabs. No. 3. 
(1884), and No. 1 (1885). 8° Kjobenhavn, 1885. Toe ACADEMY. 

DENVER, CoLoRraDo -—Pioceedings of the Colorado Scientific Society. Vol. I. 8° Denver, 
Colorado, 1885. Tue Socigty. 
Dusitin.—Report of the Director of the Science and Art Museum, Dublin, for the year 1884 
8° Dublin, 1885. THE Mvuszum. 


ay Report on the Museums of America and Canada. By V. Ball. 8° Dublin, 1885. 

Tae Mvusrvum. 

EDINBURGH.—Transactions of the Edinburgh Geological Society. Vol. V, part 1. 8° 

Edinburgh, 1885. Tuer Society. 
GLasaow.—Glasgow University Calender for 1885-86. 8° Glasgow, 1885. f 

Toe UNIVERSITY. 


9 Proceedings of the Philosophical Society of Glasgow. Vol. XVI. 8° Glasgow, 
1885. Tue Socrety. 
3 Transactions of the Geological Society of Glasgow. Vol. IT, part 2. 8° Glasgow, 
1885. THE SocrgEry. 


GorrineEN.—Abhandlungen der Koniglichen Gesellschaft der Wissenschatten zu Gottingen. 
Band I—XII. 4° Gottingen, 1843-1866. 

i Nachrichten von der Konigl. Gesellschaft der Wissenschaften. Nos. 1—13. 

8° Gottingen, 1884. THe Socirery. 


HarrispurG.—Reports of the Second Geological Survey of Pennsylvania. AA, AA Atlas, 
AC Atlas, D? Atlas, and G‘ and H.’. 8° Harrisburg, 1880, 1882, 1883, 


and 1884. Tuc Survey. 
KonigsserG.—Schriften der Physikalisch-Okonomischen Gesellschaft. Jahrg. XXV, 
Abth. 1—2. 4° Konigsberg, 1884-85. THE Society. 


LisBpon.—Recueil de Monographies Stratigraphiques sur le Systéme Crétacique du Portugal. 
1° Etude. By Paul Choffat. 4° Pam Lisbonne, 1885. 

Section pgEs Travaux GEOLOGIQUES DU PorRTUGAL. 

Lonvon.—Journal of the Anthropological Institute of Great Britain and Ireland. Vol. XIV, 

No. 4. 8° London, 1885. 

‘ Journal of the Linnean Society of London. Vol. XVII, Zoology, No. 103, and 

XVIII, Nos. 104—107; and Vol. XXI, Botany, Nos. 134-137. 8° 

London, 1884-— 1885. THE SocrEry. 


244 Records of the Geological Survey of India. [VOL. XVIII, 


Titles of Books. Donors 
Lonpon.—List of Fellows of the Linnean Society of London, 1884-1885. 8° London, 
1885. T aE Socrsry. 


Transactions of the Linnean Society. 2nd series. Vol. II, Zoology, parts 11 and 
13—14, and Vol. III, parts 2—3 ; and Vol. II, Botany, part 8. 4° London, 
1884-—1885. THE Socrery. 

“ Journal of the Royal Asiatic Society of Great Britain and Ireland. New series 
Vol. XVII, part 2. 8° London, 1885. THe Society. 
Journal of the Society of Arts. Vol. XXXII, No. 1698—1701. 8° London, 
1885. THE Society. 

3 Mineralogical Magazine and Journal of the Mineralogical Society. Vol. VI, 

No. 29. 8° London, 1885. 

Philosophical Transactions of the Royal Society of London. Vol.175, parts 1—2. 
List of Fellows for 1884. 4° London, 1884 and 1885. Tue Sociery. 


Proceedings of the Royal Society of London. Vol. XXXVII, No. 234, and 


XXXVIII, Nos. 235—-237. 8° London, 1884-1885. Tue Sociery. 

i Proceedings of the Royal Geographical Society. New series. Vol. VII, Nos. 
5—8. 8° London, 1885. THE Society. 

Proceedings of the Royal Institution of Great Britain. Vol. XI, part 1, No. 78. 

8° London, 1885. THE INsTITUTE. 

as Proceedings of the Zoological Society of London. Part 4 (1884), and part 1, 
(1885). 8° London, 1885. THE Society. 

es Quarterly Journal of the Geological Society of London. Vol. XLI, No. 162. 8° 
London, 1885. Tux Society. 


Report of the 54th meeting of the British Association for the advancement of 
science, held at Montreal in August and September 1884. 8° London, 


1885. 
Maprip.—Boletin de la Sociedad Geografica de Madrid. Tome XVIII, Nos. 5—6, and 
XIX, Nos. 1—2. 8° Madrid, 1885. THE Society. 
MaNcHESTER.—Transactions of the Manchester Geological Society. Vol. XVIII, part 10. 
8° Manchester, 1885. Tux Sociery. 


MELBOURNE.—Annual report of the Acting Secretary for Mines and Water-supply to the 
Hon’ble the Minister of Mines for the year 1884. Fisc. Melbourne, 1885. 
DEPARTMENT OF Mines anD WaTER-SUPPLY, VicToRta. 


Reports of the Mining Registrars for the quarters ending 31st March and 30th 
June 1885. Fisc. Melbourne, 1885. 
DEPARTMENT OF Mines AND WATER-SUPPLY, VICTORIA. 


Mriian.—Reale Istituto Lombardo di Science e Lettere. Rendiconti. Série IT, Vol. XVI. 

8° Milan, 1883. Tue Insrirurs. 

MiInNxEAPoLis.— Bulletin of the Minnesota Academy of Natural Sciences. Vol. II, No. 4. 

8° Minneapolis, 1883. THE, ACADEMY. 

MonTrEaL.—Catalogue of Canadian Plants. Part II, Gamopetale. By John Macoun. 8° 
Montreal, 1884. 

GEOLOGIOAL AND NaruraL History Survey, Canavda. 

Geological and Natural History Survey of Canada. Report of Progress for 

1882-83-84, 8° Montreal, 1886. Tue SURVEY. 

NEWCASTLE-ON-TYNE.—Transactions of the North of England Institute of Mining and 

Mechanical Engineers. Vol. XXXIV, parts 3—4. 8° Newcastloe-on- 

Tyne, 1885. Tux Inerrrore. 


5 


PART 4. | Additions to the Library, , 245 


Titles of Books. Donors. 
New Haven.—Transactions of the Connecticut Academy of Arts and Sciences. Vol. VI, 
part 2. 8° New Haven, 1885. Tae AcaDEMY. 

Paris.—Bulletin dela Société Géologique de France. 3™° série. Tome XII, No. 9 and 
XIII, Nos. 3—5. 8° Paris, 1884-1885. THE Soca: 

»» Mémoires de la Société Géologique de France. 3”° série. Tome III, No. 3. 4° 
Paris, 1885. THE Society. 

»  Compte Rendu des Séances de la Société de Géographie. Nos. 12—15. 8° Paris, 
1885. THE Socrsry. 

- Jours de Solitude. 8° Paris, 1883. Royat AcapEmMy or Bergium. 
PenzaNncr.—Transactions of the Royal Geological Society of Cornwall. Vol X, part 7. 
8° Penzance, 1885. Tuer Socrery. 
PHILADELPHIA.—Journal of the Franklin Institute. 3rd series. Vol. LX XXIX, No. 6, 
and XC, Nos. 1—3. 8° Philadelphia, 1885. TuoE INSTITUTE. 

“a Proceedings of the American Philosophical Society. Vol. XXI, No. 116 
to XXII, No. 119. 8° Philadelphia, 1884-1885. THe Socigty. 

‘i Register of papers published in the transactions and proceedings of the 
American Philosophical Society. By Henry Phillips, Jr. 8° Philadel- 
phia, 1881. Tue Socisry. 
Pisa.—Atti della Societa di Scienze Naturali, Processi Verbali. Vol. IV, pp. 203—230. 
8° Pisa, 1885. THE Society. 


Romz.—Brevi Cenni relative alla carta geologica della isola d’Elba alle scale di 1/25,000 
e 1/50,000. 8° Pam. Roma, 1885. GxoLogicat SurvEry or Iraty. 
» Brevi Cenni relative alla carta geologica della isola di Sicilia alla scala di 1/100,000. 


8° Pam. Roma, 1885. GroLocicaL SuRvVEY oF ITaty.- 
»»  Cenni sulla publicazione della carta geologica d'Italia per Cura de R. Ufficio 
Geologico. 8° Pam. Roma, 1885. GroLoaicaL SuRVEY oF Itaty. 
Sr. Pergrspure.—Bulletin of the Geological Commission. Vol. IV, Nos. 3—5. 8° St. 
Petersburg, 1885. THE CoMMISSION. 


Sa aNnGHal.—dJournal of the North China Branch of the Royal Asiatic Society. New series, 
Vols. X VITI, XIX, part 1, and XX, parts 1—2. 8° Shanghai, 1884-18865. 
THE Socrsry. 
STOCKHOLM ——Bihang till Kongl. Svenska Vetenskaps-Akademiens Handlingar. Bandet 
VI, hafte 1—2; VII, hafte 1—2; and VIII, hafte 1—2. 8° Stockholm, 
1880—1884. Tux Acapemy, 
o Kongliga Svenska Vetenskaps-Akademiens Handlingar. Bandet XVIII, and 
XIX, haftet 1—2. 4° Stockholm, 1881-1882, and 1884. 
THE AcapEmy. 


Ss Lefnadsteckningar Sfver Kongl, Svenska Vetenskaps—Akademiens. Band 
II, hafte 2. 8° Stockholm, 1883. Tur ACADEMY. 
‘3 Meteorologiska Jakttagelser i Sverige utgifna af Kong]. Svenska Vetenskaps— 


Akademiens. 2nd series. Vols. VI—VII. 4 Stockholm, 1878-79. 
THEr ACADEMY. 


o Ofversigt af Kongl. Vetenskaps—Akademiens Forhandlingar. Vols. 
XXXVIII—XL. 8° Stockholm, 1881—1884. THE ACADEMY. 


246 » Records of the Geologicat Survey of India. [voL. xviii. 


Titles of Books. Donors. 
Tox1o.—Memoirs of the Science Department, University of Tokio, Japan. Vol. I, parts 1 and 
2 (1879), Appendix to Vol. I, part 1 (1883), Vol. III, part 1 (1880), 
Nos. 4—8 (1881); three Appendices to No. 5 (1882, 1884, and 1885), 

and Nos. 9—10 (1883). 4° Tokio, 1879—1885. 
GOVEENMENT oF Inpta, 


Torino.—Atti della R. Accademia delle Scienze di Torino. Vol. XX, No.6. 8° Torino, 


1885. Tur ACADEMY. 

Toronto.— Proceedings of the Canadian Institute. 3rd series. Vol. III. Nos. 1—2. 8° 
Toronto, 1885. THE INstiTu Ts. 
Visnna.—Abhandlungen der K. K. Geologischen Reichsanstalt. Band XI, lief. 1 XT, 
lief. 5. 4° Wien, 1885. GEOLOGICAL INSTITUTE, VIENNA. 

ig Jahrbuch der K. K. Geologischen Reicksanstalt. Band XXXV, heft 1-3. 8° 
‘Wien, 1885. THE INSTITUTE. 


5 Verhandlangen der K. K. Geologischen Reichsanstalt. No.9. 8° Wien, 1885. 
THE INsTITUTE. 


e Die Meteoritensammlung des K. K. Mineralogischen Hof-Kabinetes in Wien. Von 


Dr. Aristides Brezina. 8° Wien, 1885. THE CABINET. 
WasHINneton.—Bulletin of the U. 8. Geological Survey. Nos. 2—6. 8° Washington, 1883 
—1884. U. S. GzoLocicaLt Survey. 

¥» Monographs of the U.S. Geological Survey. Vol. III., with folio atlas, and 


Vols. [Vand V. 4° Washington, 1882-1883. 
U. S. Grotoaicat SuRvey. 


Pe Third annual report of the U. 8S. Geological Survey to the Secretary of 
the Interior, 1881-82. By J. W. Powell. 8° Washington, 1883. 

: U. S. Grotoeicat SURVEY. 

99 Compendium of the tenth Census of the United States. Parts 1 and 2. 

8° Washington, 1883. Drrt. oF THE INTERIOR. 

” Report of the United States Geological Survey of the Territories. Vols. III 


and VIII. 4° Washington, 1883-1884. 
U. S. Groroeicat Survey. 
Second annual report of the Bureau of Ethnology to the Secretary of the 
Smithsonian Institution, 1880-81. By J. W. Powell. 8° Washington, 
1883. THE INstTituTs. 
WELLINGTON.—Niygeteenth annual report on the Colonial Museum and Laboratory, together 
with 15th annual report on the Colonial Botanic Garden, 1883-1884. 


8° Wellington, 18865. Grotogicat Survey, New ZRaLanp. 

- Transactions and Proceedings of the New Zealand Institute, 1884, Vol. XVII. 

8° Wellington, 1885. Tue InstiroTe. 
YoroHama.—Mittheilungen der Deutschen Gesellschaft fiir Natur-und Volkerkunde Osta- 
siens. Heft 32-33. 4° Yokohama, 1885. Tur Socrety. 

3 Transactions of the Asiatic Society of Japan. Vol. XII, part 4, and XIII, 

part 1. 8° Yokohama, 1885. Tue Socrery. 


Zbnicu.—Neujahbrsblatt herausgegeben von der Naturforschenden Gesellschaft auf das Jahr 


1882-1884. Nos. LXXXIV to LXXKVI. 4 Zirich, 1882 and 1883. 
Tax Socrery. 


PART 4. ] Additions to the Library. 247 


Titles of Books. Donors. 


ZoRnicH.—Vierteljahrschrift der Naturforschenden Gesellschaft in Ziich. Jahrg. XXVI- 
XXIX. 8° Zirich, 1881—1884. Tux Socrgry. 


MAPS. 


Carta Geologica d'Italia. (Isola di Sicilia). Sheets Nos. 248 to 254, 257 to 262 and 265, 
Roma, 1884-1885. GEOLOGICAL SurvkEy or ITa,y. 
Carta Geologica d'Italia. Sezioni Geologiche. Sheets 1—3. Roma, 1884-1885. 
GEOLOGIcaL Survey oF ITa.y. 
Carta Geologica della Sicilia nella scala di 1 2 500,000. Roma, 1883. 
GEOLOGICAL Survey or Irary. 
Carta Geologica dell’ Isola d’Elba nella scala di 1 : 60,000. Roma, 1884. 
GEOLOGICAL SURVEY oF ITALY. 
Carta Geologica dell’Isola d’Elba nella scala dil: 25,000. (2 sheets.) Roma, 1884. 
GEOLOGIcCaL SURVEY oF Itaty. 
Maps of the Geological and Natural History Survey of Canada. Sheets Nos. 1—24, 
1N.W., 3 N.E. and N.W., 5 S.W., S.E., and N.W., 6 N.W., 7 S.W., and 
15 §.E. and S.W. 1884. THE SuRVEY. 


RECORDS 


OF 


THE GEOLOGICAL SURVEY OF INDIA. 


VOLUME XIX. 


vod 


Published by order of His Excellency the Governor General of Endia 
im Council, 


CALCUTTA; 
SOLD AT THE OFFICE OF THE GEOLOGICAL SURVEY, 
AND BY ALL BOOKSELLERS; 
LONDON: TRUBNEB & CO, 


MDOOCLXXXVI, 


CALCUTTA ° 
a 
PRINTED BY THY SUPERINTENDENT OF GOVERNMENT PRINTING, INDI}. 
18386. 


CONTENTS. 


PART 1. 


ANNUAL Revort oF THR GEOLOGICAL Survey oF Inpi4, AND oF THR GEROLOGI- 
caL Museum, CaLcUTTA, FOR THE YEAR 1885 . : 

Report on the International Geological Congress of Berlin, dy W. T. Buanronp, LL. D., 
F.RS. . ‘ ; ‘ 

Note on some Paleozoic Fossils recently collected be: Dr. H. Wann, : in the Olive 
group of the Salt-range, by W. WaaaeEn, Pu.D., F.G.S. (With a plate) 

Memorandum on the Correlation of the Indian and Australian coal-bearing beds, by 
R. D. OtpHam, A.R.S.M., Deputy Superintendent, Geological Survey of India . 

Afghan and Persian Field notes, by C. L. Garesnacu, F.G.8., Deputy Superin- 
tendent, Geological Survey of India, on se with the Afghan Boundary Com- 
mission . ‘ 

Notes on the Section from ‘Simla to Wangtu, ee on the eteuingianl ciarastat of the 
Amphibolites and Quartz-Diorites of the ae ak “a Cotonezt C. A. 
McManon, F.G.S. (Witha plate) . . ‘ ‘ 


PART 2, 


Notes on the Geology of parts of Bellary and Anantapur Districts, by R. B. Foors, 
F.G.8., Superintendent, Geological Survey of India. (With a map) 
Geology of the Upper Dehing basin in the Singpho Hills, by Tom D. LaTovcns, 


B.A., G ecological Survey of India. (With a map) ‘ : 
On the microscopic characters of some Eruptive Rocks from the Central Pininlavas: 
by Coronet C. A. McManoy, F.G.S. ; . ° 


Preliminary note on the Mammalia of the Karnul Caves, by R. Tinea: B.A,, 
F.GS., &e. 

Nemoraudui on the seonpenes of finding sual tn Western Raj viieun: by R. D. 
OtpHam, A.R.S.M., Deputy Superintendent, Geological Survey of India ‘ 

A note on the Olive Group of the Salt-range, by R. D.OrpHam, A.R.S.M., Deputy 
Superintendent, Geological Survey of India 

Memorandum on the discussion regarding the boulder-beds of the Salt-range, f 
H. B. Mepuicort, Director of the Geological Survey of India . ' 

Note on theGondwana Homotaxis, by R. LypExxeEr, B.A., F.G.S. ; . ; 


PART 3. 


Geological Sketch of the Vizagapatam District, Madras, by Wittiam Kina, B.A., 
D.Sc., Superintendent, Geological Survey of India. 
Preliminary note on the Geology of Northern Jesalmer (with a ann); by R. D, 


OuvpuaM, A.R.S.M., Officiating Superintendent, Geological Surveg of India 
Notes on the microscopic structure of some specimens of the Malani rocks of the 


Arvali region, 5y CotonsL C. A. McManon, F.G.S. 
Memorandum on the Malanjkhandi copper ore, iz the Balaghat District, Central 
Provinces, by Witutam Kine, B.A., D.Sc., Supertntendent, ca aes Survey 


Gf Ladin : ; ; ‘ ‘ ‘ : , : : : 


Pace 


13 
22 


39 


65 


97 
111 
115 
120 
122 
127 


131 
133 


143 


157 
161 


165 


iv CONTENTS. 


° PART 4. Pace 
Note on the occurrence of petroleum i India, dy H. B. Mepurcorr, Geological 
Survey of India. (With two plates) . 185 
Report on the Petroleum Exploration at Khéian, by R. A. Tow s=no, Suporin 
tendent of Petroleum Explorations in Baluchistan (Plate I, fig. 4) . ‘ 204 
Boring Exploration in the Chhattisgarh Coal-fields, by Witttam Kine, B.A., D. So., - 
Superintendent, Geological Survey of India. (With map and plate) : 210 


Field-Notes from Afghanistan: (Vo. 3), Turkisian, dy C. L. GrizsBacu, B.GS., 
Geological Survey of India (on duty with the Afghan Boundary Commission) . 235 

Notice of a fiery Eruption from one of the mud volcanoes of Cheduba Island, Arakan 268 

Notice of the Nammianthal aerolite, 6y H. B. Mepuicorr, Geological Survey v 


India . tb. 
Analysis of Gold-dust Trot the Meza Valley, Upper re by R. Rowaxts, D. Sc., y 
Chemical Examiner to the Government of Burma : ‘ ab. 
ADDITIONS TO THE MUSEUM . ‘ " ‘ . - , 88, 134, 166, 270 
ADDITIONS TO THE LIBRARY . : , e ° ° . 88, 1385, 167, 270 
ERRATA. 


Page 74, insert ‘none ix’ at beginning of line 2 (in some copies). 
119, line 17, for rocks read cracks. 
121, a terminal / has got in by mistake in 3 words. 


RECORDS 


OF 


THE GEOLOGICAL SURVEY OF INDIA. 


Part 1.) 1886. (February. 








ANNUAL REporT oF tHE GeoLogicaL Survey or INpiIa, AND OF THE GEOLOGICAL 
Museum, CaLCUTIA, FOR THE YEAR 1885. 


A discovery of great interest to Indian geology was made in the year under 
review; and it affords as striking an instance as could be quoted of the magic 
light that can be thrown upon stratigraphical puzzles by a simple find of fossils, 
We owe the discovery to Dr. H. Warth, who was some time ago in charge of the 
great Mayo salt mines at Khewra, in the midst of the most interesting geological 
sections in India; and he then contributed not a little to our knowledge through 
his intelligent zeal in collecting fossils, as the students of Dr. Waagen’s descrip- 
tion of the Salt-range fossils in the Palwontologia Indica cannot fail to notice. 
Dr. Warth has again lately been deputed on other duty in the same neighbour- 
hood, and his industry in the cause of geology has now met with signal 
reward. In February last I received from him a small box of fossils, of which he 
wrote—‘ Besides these fragments you will find in the tin box a broken pebble 
wrapped in green paper, You will notice that the pebble contains a fossil. 
The pebble was found at Choya Saidan Shah, loose amongst other pebbles which 
had weathered out of the pebble bed or cretaceous (?) conglomerate to which Wynne 
refers at page 104 of his Salt-range Memoir, The pebbles and boulders consist 
usually of crystalline rocks, but it appears that there are also fossiliferous rock 
pebbles amougst them. In case you can get this fossil determined I would thank 
you for letting me know the result.” The fossil was very distinctly a Conularia, 
which is, according to the books, of middle or lower paleozoic age ; but I sent it by 
next post to Dr. Waagen, whose first impression regarding it was given in a letter 
dated 25th of March: ‘The fossil you sent me is really a Oonularia and comes 
probably from silurian strata, being carried down from the Himalayas either by 
ice action or by floods, during upper cretaceous times.”” Having no preconceptions 
@gainst the occurrence of silurian deposits in the Salt-range itself, I could not for 
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® moment concur as to the derivation suggested ; and Dr. Warth’s further pursuit 
of this exciting clue soon determined that the so-called pebbles are in situ, their 
form being concretionary and not due to water wear. A large collection of these 
and a few other associated fossils were sent by him to Dr. Waagen, and form the 
material of his very interesting paper in the current number of the Records. The 
boulder bed hitherto placed, not without misgivings (for the similarity of the 
boulder beds throughout the range has always been noticed), with the cretaceous 
olive-series at the east end of the Salt-range, being thus proved to be palsozoic, its 
affiliation with the boulder beds beneath Dr. Waagen’s Productus-limestone be- 
came at once an obvious necessity. Dr. Waagen seems inclined still to include this 
zone in his Productus-limestone series ; but with such marked unconformity, and 
the distinct facies of the small fauna now described, the proceeding would seem 
somewhat to strain the practice usual in such matters. Still more difficult will 
it now appear to retain the Neobolus-beds of the east Salt-range as a member of 
the Productus-limestone series. The emendation proposed by Dr. Waagen (at 
page 3 of his Salt-range fossils) of Mr. Wynne’s rough classification of these 
deposits will probably have to be reconsidered. In the connection presently to 
be noticed, the name ‘ Productus-limestone’ chosen by Dr. Waagen for the upper 
palsozoic series of the Salt-range promises to be confusing, for the rock elsewhere 
underlying the supposed equivalents of the Talchirs is sometimes quoted as a 
Productus-limestone. 

The important corrections made in the stratigraphy of the Salt-range by this 
find of fossils are perhaps of less interest themselves than is their bearing upon 
the correlations of our Indian Gondwana rock system; and this inference is 
almost as obvious as the primary one. A single great glacial boulder deposit of 
palwozoic age, and distinctively of southern derivation, being established in the 
Salt-range, it was impossible not to conjecture its identification with the Talchir 
glacial deposits found almost everywhere at the base of the Gondwana rocks 
of peninsular India. Ever since the origin of the Survey the correlation of the 
great isolated‘ plant-bearing series, for which I proposed the name Gondwana 
under which it is now known, has been an object of inquiry and contention. 
The correspondence of some of these fossil plants with those associated with 
oolitic marine fossils in Cutch as previously described by Captain Grant was 
recognised from the first ; and the more exact correlation on that side was estab- 
lished by Dr. Feistmantel’s identifying the flora of the topmost (Jabalpur) group 
of the Gondwana sequence with the Umia horizon (top jurassic) of Cutch. The 
lower Gondwana or Damuda flora is not represented in Cutch, and for it the 
nearest known standard of comparison was in Australia, where some coal-beds 
with a flora more or less resembling that of the Damuda series are distinctly 
interstratified with beds containing a marine fauna of well-masked lower-car- 
boniferous facies. This very strong evidence was accepted by Dr. Oldham as 
presumptive proof of the paleozoic age of the Damnda formation; and he 
went a little further in endeavouring to show that the Damuda flora iteelf might 
be reconciled to the paleozoic type. This view -was strongly contested by the 
paleo-botanists, who on their side endeavoured to discredit the stre igraphical 
facts of continuous sequence and interstratification. Thus both parties, actuated 
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by the same presumption of an assumed necessary correspondence between two 
distinct lines of paleontological evidence, committed the mistake of doing violence 
to fact. It need hardly be said that fact has proved the stronger: the facts on 
both sides remain fast, while only the preconception has to make way for a fact 
of a higher order. Dr. Feistmantel established to the satisfaction of competent 
judges that the Damuda (including the Talchir) flora is distinctively mesozoic : and 
the compromise with which he supposed the controversy would be closed? was, 
the provisional identification of the Bacchus-Marsh glacial boulder bed of Victoria 
(which he had fairly identified with the Talchir boulder bed of India) with the 
Haukesbury horizon of the New South Wales sequence, thus putting out of 
court the obnoxious interstratification, which occurs well below the Haukesbury 
beds. But now comes the announcement of the identification of the Talchirs with 
a well-established carboniferous glacial boulder bed within the borders of India 
itself. Of course it is so far open to deny the identification, and to assume two 
widely distinct glacial periods in the Indian region, for the Salt-range is several 
hundred miles distant from the nearest known appearance of Talchirs, and no fossils 
common to both have been found. This stand would probably be made but for 
the strange coincidence that the same view has arisen contemporaneously from a 
wholly independent quarter. 

During the past summer Mr. R. D. Oldham took privilege leave for a trip to 
Australia and obtained two months’ extension on duty, to enable him to see some- 
thing of the Gondwana rocks of that region. The result of his observations is 
published in the current number of the Records. His paper reached me within 
the same week as Dr. Waagen’s, each writer being wholly unaware of what the 
other was about. The case is stated very clearly, and it is a strong one, and far 
more natural-like than the compromise proposed by Dr. Feistmantel. Mr. 
Oldham of course reaffirms the distinct interstratification of the Newcastle and 
Stony Creek coal-beds of Gondwana affinities, with the marine paleozoics, a point 
that no observer has questioned. But with and beneath these he calls attention 
to glacial boulder deposits that represent the similar beds of Bacchus-Marsh far 
more adequately than does anything of that kind found in the Haukesbury beds. 
This is of course a point for Australian geologists to work out. Meanwhile the 
verisimilitude of the combined evidence would seem conclusive in favour of the 
original view of the palswsozoic age of the lower Gondwana deposits, as continu- 
ously contended for by Dr. Blanford, who made the original descriptions of the 
lower Gondwana groups from his surveys of the Raniganj and Talchir coal-fields, 
The general interest of this determination is very great: it would be, so far as I 
know, the first clear and broad case to confirm the assertion made twenty-five years 
ago by Professor Huxley when introducing the term ‘ homotaxis’; for it shows 
that a full-blown mesozoic flora in one region of the earth was contemporaneous 
with a full-blown palsozoic flora in another region. I¢ is the point for which Dr. 
Blanford made out so good a case in his address to the Geological Section of the 
British Asociation at Montreal in 1884 ; but it is a great step from argument to con- 
clusive proof. Had the workers on both sides duly profited by Professor Huxley’s 
warning, the preconceptions that haveso distracted our understanding should not 
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have arisen. There is however no occasion to discredit palwo-botanical evidence; 
it bears a full share of credit in the result that has been attained. 

In developing the inferences to be drawn from the correlation of the Talchir 
with the Salt-range boulder beds, Dr. Waagen has overlooked the fact that Mr. 
Oldham gave a very circumstantial discussion of what is substantially the same 
problem in his paper published in the Journal of the Asiatic Society of Bengal 
for 1884 (duly noticed in my last Annual Report) on the Talchir glacial period 
as embracing Australia and South Africa. Mr. Oldham has now himself brought 
the best evidence for the small correction in time that makes the two positions 
identical. In connection with these speculations I would venture with diffidence 
to mention a possible objection that has occurred to me regarding the great liberty 
taken in raising and sinking continents at discretion. The argument upon which 
these performances depend requires in some form the doctrine of specific centres : 
has that survival of old times been duly modified in accordance with principles 
now accepted P Can it with any plausikility be asserted that under similar trains 
of conditions, such as may reasonably be supposed to have occurred in distantly 
separated parts of the earth, forms within the loose limits of specific identity 
might not arise from wholly distinct stocks? The dogma of biogenesis is 
similarly implicated as an occult influence in such questions, its operation being 
inscrutable; so far its appropriate service (qua dogma) has been as a fresh quick- 
sand for discomfited theologians to build castles upon. 

The work in Chhattisgarh includes two distinct geological areas ; the Vindhyan 

basin of the upper Mahanadi, and the chain of Gondwana 
aera image rocks, with coal measures, passing slong its north-east 
Mere border from Sambulpur into connection with the Rewah 
basin. Cursory traverses of this ground were made some time ago by Mr. 
Blanford, Mr. Ball, and myself; and a portion of the coal-fields was mapped by 
Mr. Ball. The Vindhyans are for the most part quite flat, forming the -open 
plains of Chhattisgarh ; but along the west boundary there is some obscurity 
regarding their relation to the rocks forming the Saletekri hills, When I tra- 
versed these rocks in 1866, it seemed to me that the Vindhyans of the plains 
partook in the disturbance and were at least partly represented in the hill rocks 
in the Chilpi Ghat section, and that all the rocks there were of the same family, 
in the same way as occurs amongthe Vindhyan groups of the Karnul-Kadapah 
basin. The progress made in this investigation is well elucidated in Dr. King’s 
sport, published (with a map) in the Records for last November. 

Among the Gondwana rocks, Dr. King was chiefly engaged in directing the 
practical exploration of the Rampur coal-field, which is the southern portion of 
the Raigarh and Hingir basin formerly surveyed by Mr. Ball (in 1876). This 
ground was selected as being nearest to the proposed line of railway. The sites 
for borings selected by Dr. King were well placed, for the coal was struck as 
expected, but unfortunately its quality has proved uniformly bad, Samples taken 
at every foot of each seam were carefully assayed in the Survey laboratory, but 
the proportion of ash in the samples ranged from 27 to 44 per cent,, 23 per 
cent. being the lowest amount in any partial sample, Mr. Stewart, the Assist 
ant Mining Engineer in immediate charge of the borings, has had much experi- 
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ence in the work, formerly in the Satpura basin and lately under Mr, Hughes in 
South Rewa; so there is every ground for coufidence in the care exercised. The 
same disappointing results have continued up to date; so Dr. King is arranging 
to move the boring operations to a new field, though unavoidably less favourably 
placed with reference to the line of railway as now projected. 

Dr. King reports with satisfaction of the work done by Sub-Assistant Hira 
Lal in-tracing simple boundaries. 

Mr. Bose made a wide traverse of the Vindhyans to the south and south-west. 
The defects brought to notice by his previous season's 
work are not such as can be quickly rectified; he still 
displays a very inadequate conception of the detailed study of rocks in the field. 
He is now working under the immediate direction of Dr. King. 

During the season 1884-85, Mr. Foote was able to take up his survey in the 

Bellary District, from which he had been called away in the 

gare a previous season to search for coal in the gneiss of Hyder- 
abad. The Sandur hills, to the west of Bellary, were the 

principal object of investigation ; they are formed by one of the bands of transition 
rocks that traverse the peninsula more or less continuously with a north-north- 
westerly trend, and are all remnants of a once wide-spread formation which Mr. 
Foote now unites and distinguishes as the Dharwar series, as shown to be un. 
conformable to the gneiss, with which it has been intimately associatad by com- 
plete folding together. In the Sandur hills they contain masses of rich hema- 
tite. 7 

Mr. Foote made a careful examination of the well-known diamond field at 
Wadjra Karur to which special interest has lately been 
attracted on account of the mining operations started 
there by Messrs. Orr & Sons of Madras. The mother- 
rock of the diamond has of course been an object of special search, but hitherto 
without avail in India, for in the oldest rocks in which this gem is found, the 
gravel-stones at the base of the upper-Vindhyans, it is only a transported pebble 
like the rest of its associates. It seemed as if at last the original matrix had been 
found at Wadjra Karur in a ‘pipe’ or ‘neck’ of a peculiar tuff-like trappean 
rock observed there by an explorer from South Africa, who declared this rock 
to be identical with the famous diamond matrix of Kimberley. It was upon 
this very tempting inducement that the works in question were started ; but 
as yet no speck of the gem has rewarded the endeavour. Mr, Foote says that 
the rock is quite unique in his extensive experience in South India, and is 
completely isolated in the surrounding epidotic granite gneiss. The position is 
within a few miles to the west of the Kadapa-Karnul Vindhyan basin in which 
diamonds are extracted from the Banaganpilly sandstone, and Mr. Foote sought 
diligently for any outlying remnant of that rock in the neighbourhood of Wadjra 
Karur, but there certainly is none now recognisable, though of course this would 
not preclude such an origin for the local debris. It is difficult however to 
relinquish hope in the otherwise extraordinary coincidence of the occurrence of 
go peculiar a rock where diamonds have certainly been found in considerable 
number and of unusual size. 


My. Boee. 


Wadjra Karur diamond 
l 
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In the Bellary district Mr. Foote was within visiting reach of the Billa Surgam 
caves in Karnul where his son, Lieutenant Foote, R.A., 
The Caves. ? : : : ‘ 
was carrying on explorations under his direction. At 
the close of the season the spoils were taken to Madras and carefully sorted—a 
work of no small labour seeing that the registered specimens amounted to some 
4,700. <A notice of the excavations made, with an abstract of the results, was 
published in the Records for November last. The exploration was extensive and 
thorough, and it must be said that the expectations, which chiefly related to pre- 
historic human remains, have been so far disappointed. The collections have now 
been despatched to Mr. Lydekker for examination, and for description so far as 
may be desirable. Further exploration may fairly be postponed till the result is 
known. A reason for this partial failure may perhaps be suggested in the fact that 
these caves seem to be and to have always been dripping and even water-channels 
in the wet season, whereas it is only in caves suited for shelter and even residence 
that more perfect remains of man or other animals may be expected to occur. 
Mr. Hacket returned from furlough towards the end of November 1884, and 
got into camp at Palampur on the 5th December. He 
RASPUTANA : ° 
Mr. Hacket. covered a large area (some 3,000 square miles) of new 
ground in Meywar, in continuation of his previous work 
to the north. Itis entirely composed of the same obscure rocks—the schists, 
limestones and quartzites of the Arvali system in transitional relation with gneiss 
and granite masses. Mount Abu is a mass of coarse highly felspathic gneiss. It 
“will need much time and labour to unravel the normal sequence of these very 
dntricate formations. 
Mr. Griesbach contributed to the February number of the Records a small 
Peg ee oe instalment of his observations with the Afghan Boundary 
; ; Commission. The southern route taken to Herat crossed 
the continuations of the tertiary and cretaceous formations previously described 
by him at and west of Kandahar (Memoirs, XVIII, 1), the hippuritic limestone 
being very prominent, with copious intrusions of basic trap and syenitic granite. 
In the axial range of the Siah Koh and Doshakh south of the Herat valley, 
palwozoic rocks make their first appearance, as represented by a carboniferous 
Productus-limestone, dipping northwards towards the Hari Rud valley. The 
Paropamisus range, north of the valley, seems to be largely made up of a great 
plant-bearing series which Mr. Griesbach provisionally parallels with the Indian 
Gondwana system, conjecturing that it overlies the carboniferous Productus-lime- 
stone. In notes of a year’s later date, in the current number of the Records, 
Mr Griesbach adheres to this general rock sequence, and describes ita distribution 
in the Binalat and other ranges of eastern Khorasan. 
The result of Mr. Oldham’s observations in the Andamans is published with a 
map in the Records for last August. It gives the classi- 
bara eg eraiaity : fication and distribution of the rocks so far as he was able 
; to see them, with a digest of all previous explorations. The 
opportanity afforded by the Topographical Survey operations can only be said to 
have been better than nothing ; when every move eould only be as suited a totally 
different object, there was no possibility of continuous geological observations 
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During the current season Mr. Oldham is making a tour through the geologically 
unexplored desert region of north-western Rajputana, and will resume his Hima- 
layan work inthe spring. Ina letter just received from hi, dated the 28th Jaun- 
ary, he makes an announcement of great interest relating to the discnssions no- 
ticed above. Referring to the boulder beds of Lowo mentioned by Mr. Blanford 
in his paper on the Indian Desert between Sind and Rajputana (Records, vol. 
X, p. 16), Mr. Oldham finds them spreading over a large area, and says—“ they 
are certainly post-Vindhyan and at the base of the series which runs up into the 
jurassics, so can hardly but be Talchir. 

Mr. LaTouche was again (at my request) diverted from his appointed work in 
sicce Seienineseaae: the Garo Hills to take advantage of the topographical ex- 

Ur. Letousle. ‘ ploration party to the head waters of the Dehing on the 

extreme east frontier of Assam. As everywhere in that 

region, the conditions are very unfavourable for geological observations, on account 
of the dense vegetation. It has however been ascertained that the whole upper 
valley of the Dehing is occupied by tertiary deposits, chiefly sandstones, while 
the actual crest of the ridges to north and east are of crystalline rocks; whether 
any small outcrop of older strata intervened, could not be made out. By an un-~ 
fortunate error of judgment we have been deprived of what might have more 
than compensated for the interruption of our regular work: a small detachment 
of the party crossed the watershed, and made some days’ march to the north-west 
branch of the Irawadi; the two officers who went on this trip were in the same 
line of work, and the only man of the party whose eyes were something more than 
optical instruments was left behind. It would be more to the credit of the service 
and for the public advantage if on such occasions petty considerations of senior- 
ity were laid aside, 

Mr. Jones did a good season’s work in mapping the whole area hitherto known 


Tus Pexcn Coat- as the Pench coal-field and for some distance to the west 
FIELD : in the direction of the Shahpur coal-field on the same 
Mr, Jones. 


(south) side of the Satpura Gondwana basin. He has 
added several new outcrops of coal to those marked many years ago by Mr. Blan- 
ford and Major Ashburner. There seemed at first an intention on the part of 
the Chief Commissioner of the Central Provinces to take advantage of Mr. Jones’ 
presence to have the measures tested by trial borings, but the old difficulty re. 
garding this field has again prevailed: it is too remote and inaccessible for a 
special coal line in either direction to be remunerative, and the authorities consider 
that as a throngh-line it would not lead to any important traffic. 

The earthquake in Kashmir occurred just at the close of the field season and 
Mr. Jones was deputed to report upon it. The same 
cause that made it so disastrous in respect of loss of life— 
the mode of construction of the native houses, whereby the 
heavy earthen roofs simply collapsed between the crumbling walls—left little oppor- 
tunity for critical observation of direction. Mr. Jones’ report, in the Records 
for November, seems to make the most of what facts he could collect. It wa; 
especially unfortunate that Sir Oliver St. John was laid up with illness during the 
time of Mr. Jones’ visit, thus depriving him of invaluable assistance in gaining 


Toe Kasuuir Earre- 
QUAKE. 
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information. Sir Oliver considers that the distribution of maximum ruin would 
indicate for the focus a position more to the north-west than that assigned by 
Mr. Jones. 

During last season Mr. Middlemiss had the north-west Himalaya all to him- 


Tar Krwaun Hrca- self, and he was very near making another distinguished 
LALA mark in the year’s calendar by an important find of 
Mr. Middlemss fossils. Even more than peninsular India, the Lower 


Himalayan region has ever been a perplexity to us for want of fossil guidance. 
The few obscure fossils found by myself in 1861 in the Tal river section, at the east 
end of the Dehra Dun, have remained ever since the only known organic remains 
older than nummulitic south of the snowy range, although repeated search has 
been made by expert geologists and others. Some miles to the east of the 
Tal, but in the same set of beds, Mr. Middlemiss collected a more numerous 
and somewhat better set of fossils, and with laudable enthusiasm he made 
an attempt to recognise their facies and to assign a horizon for them, as was 
announced in the Records for May last. When brought down to Calcutta we 
were unable to confirm the opinion passed upon them, and as we are most 
unfortunately at present without a paleontologist, the whole were sent to 
Dr. Waagen with much hope that he would give us a clue. In this we were 
disappointed ; even this high authority can only say of them that the facies seems 
rather mesozoic than paleozoic, thus at least partially confirming Mr. Middlemiss’ 
diagnosis. The prospect has however been brightened by this discovery; Mr. 
Middlemiss has traced these beds over a considerable area in Kuomaun and they 
must ere long yield something intelligible. 

In a letter (dated 28th January) just received from Mr. Middlemiss he 
announces an important correction in the position he had assigned for these 
fossiliferous beds of the Tal. In the sections described by him in May last the 
fossiliferous group seemed to underlie the massive limestone of the overhanging 
ridge. He has recently found clear sections in the gorge of the Ganges showing 
that the normal position of the Tal group is above the massive limestone, and 
there next below the nummulitic band. 

The Bengal earthquake also happened conveniently during the recess from 

Tas Bencat Eaztu. field work, and Mr, Middlemiss was entrusted with the 
QUAKE. investigation. He was fortunate in securing tolerably 
good observations in positions favourable for ascertaining the focus of the shock. 

Publications—Two Memoirs were published during the year, being Mr. 
Hughes’ report on the southern coal-fields of the Rewah Gondwana basin, with 
a large map of this very extensive srea, and several small maps of some special 
coal-fields, forming part 3 of volume XXI; and part 4 of the same volume, being 
Mr. Mallet’s description of the volcanoes of Barren Island and Narcondam. 

The Records for the year, being volume XVIII of the series, contain twenty- 
nine articles of various interest on current work relating to the geology of India. 

Although we are still deprived of the services of a paleontologist in India 
whereby much inconvenience and delay has been caused both in our field work 
and in the museum, the publication of the Paleontologia Indica has made fair 
progress during the year, thanks to the special arrangements made for this most 
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important work, and to the generous co-operation of paleontologists. Of series 
XIV, fasciculus 5 of part 8, describing the fossil Echinoidea from the Gaj 
or miocene series of Sind, was brought out during the year by Professor Martin 
Duncan and Mr, Percy Sladen. The concluding part of this volume is now in 
the press. 

Of Dr. Waagen’s work on the Salt-range fossils there were issued fasciculus 
5 of part 4, concluding the Brachiopoda, and part 5, containing the Bryozoa, 
Annelida and Echinodermata of the Productus-limestone series. Tho plates and 
manuscript for the concluding part of the Productus-limestone series are well 
advanced; and Dr. Waagen informs me that good work has been done in prepar- 
ing the material for the second division of the Salt-range fossils series—the 
Ceratite beds. 

Mr. Lydekker has been very diligent with his division of our work, Of scries 
XV, Indian Pretertiary Vertebrata, he brought out during the year part 4, on the 
Labyrinthodont, from the Bijori group; and part 5, the Reptilia and Amphibia 
of the Maleri and Denwa groups, concluding volume I of this series; also part 6, 
+\- Siwalik and Narbada Chelonia, of series X, devoted to Indian Tertiary and 

.tertiary Vertebrata. He has a troublesome job before him in the numerous 
ctions of bone fragments from the Karnul caves; but a very large proportion 
of them are probably unfit for specific or even generic identification, Mr. Foote 
seems to have been so ultra-scrupulous in preserving every fragment that turned up. 

Musewm.—The collections are steadily increasing in value by the return of the 
type specimens described in the Palewontologia. Mr, Blyth has amply justified 
the appointment of a museum assistant ; with this help it has been possible to get 
all the collections into something like thorough order. He has also been very 
useful to Mr. Mallet in the laboratory. Contributions to the museum are notified 
quarterly in the Records. Mr. Wood-Mason has recently presented some interest- 
ing fossils collected by himself in the Raniganj coal-measures and described by 
Dr. Feistmantel in the Journal of the Asiatic Society of Bengal. 

Library.—There were 1,762 volumes or parts of volumes added to the library 
during the year; 978 by presentation and 784 by purchase. 

Personnel.—Mr. Hughes was throughout the year on detached duty, in charge 
of the new colliery operations at Umaria. Mr. Fedden was absent on furlough 
for the whole year. Sub-Assistant Kishen Singh also took furlough for a year. 
The failure of our permanent paleontologist, as above mentiond, was owing to Dr. 
Fiestmantel having accepted a professorship at Prague and resigned his appoint- 
ment on the Indian Survey at the termination of his two years’ furlough. We are 
at least fortunate in the period at which this disappointment has occurred ; in his 
three volumes on the Gondwana Flora he has cleared up many difficulties connected 
with the principal rock system of India, and given us a standard for future work 


in that branch of paleontology. 


H, B. MEDLICOTT, 


Director of the Geological Survey of India. 
Caxcurta, 


. The 31st January 1896. 
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List of Societies and other Institutions from which Publications have been received 
in donation or exchange for the Library of the Geological Survey of India, 


during the year 1885. 


Batavia.—Batavian Society of Arts and Sciences. 
Be.rast.— Natural History and Philosophical Society. 
Berimn.—German Geological Society. 
‘s Royal Prussian Academy of Science. 
Bortoena.—Academy of Sciences. 
Bomsbay.—Bombay Branch, Royal Asiatic Society. 
es Meteorological Department. 
Boston.—American Academy of Arts and Sciences. 
Society of Natural History. 
a State Library of Massachusetts. 
Bresiav.—Silesian Society. 
BrisBaNE.—Royal Society of Queensland. 
BrisToL.—Bristol Museum and Library. 
Pe Bristol Naturalists’ Society. 
BrvussELS.—Royal Academy of Belgium. 
Royal Geographical Society of Belgium. 
Royal Malacological Society of Belgium. 
3 Royal Natural History Museum of Belgium. 
Buparrst.—Hungarian Geological Society. 
Hungarian National Museum. 
- Royal Geological Institute, Hungary. 
Burnos Arres.—National Academy of Sciences, Cordoba. 
Catcurra.— Agricultural and Horticultural Society. 
- Asiatic Society of Bengal, 
Meteorological Department, Government of India. 
Presidency College. 
Survey of India. 
is The Calcutta University. 
CamBripcs.—Cambridge University. 
+9 Philosophical Society. 
CaMBRIDGE, Mass.—Museum of Comparative Zoology. 
Cueistiamia.—Editorial Committee, Norwegian North Atlantic Expe- 
dition, 
- Norwegische Comm. der Europiischen Gradmessung. 
Crxcinnati.—Society of Natural History. 
Corennacen.—Royal Danish Academy. 
Davenrort.— Academy of Natural Sciences. 
Detrt.—Polytechnic School. 
Dznver.—Colorado Scientific Society. 
Drespen.—Isis Society. 
Dus.tiw.—Royal Dublin Society. 
EprmsurcH.—Geological Society. 
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EpinsurGH.—Royal Scottish Society of Arta, 
- Scottish Geographical Society. 
Grneva.—Physical and Natural History Society. 
GLascow.—Geological Society. 
5 Glasgow University. 
a Philosophical Society. 
Goriincen.—Royal Society. 
Hauie.—Leopoldino Academy. 
. Natural History Society. 
Hamitton, CanaDa.—The Hamilton Association. 
Harrisspura.—Second Geological Survey of Pennsylvania. 
Hosart.—Royal Society of Tasmania. 
K6nigspene.—Physikalisch-Okonomische Gesellschaft, 
LavsaNNE.—Vaudois Society of Natural Sciences. 
Litct.—Geological Society of Belgium. 
Lisspon.—Geological Survey of Portugal. 
LIvERPOOL.—Geological Society. 
7" Literary and Philosophical Society. 
Lonvon.— British Museum. 
Geological Society. 
is Iron and Steel Institute, 
= Linnean Society. 
Royal Asiatic Society of Great Britain and Ireland. 
Royal Geographical Society. 
Royal Institute of Great Britain. 
i Royal Society. 
3 Society of Arts. 
The Editor of the “Journal of Science.”’ 
Zoological Society. 
Mapnas. —Agricultural Department. 
Madras Observatory. 
- Meteorological Department. 
Maprip.—Geographical Society. 
MancuesteRr.—Geological Society. 
Mr LBournge.—Department of Mines and Water-supply, Victoria. 
= Royal Society of Victoria. 
Mitan.—Royal Institute of Science, Lombardy. 
MINNEAPOLIS.—Minnesota Academy of Natural Science. 
Monrreat.—Geological and Natural History Survey of Canada. 
Moscow.—Imperial Society of Naturalists. 
Monicu.—Royal Bavarian Academy. 
Nevucuatet.—Society of Natural Sciences. 
NEWCASTLE-ON-TYNE.—North of England Institute of Mining and Mechanical 
Engineers. 
New Haven.—Connecticut Academy of Arts and Sciences. 
The Editors of the “ American Journal of Science.” 
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Paris.—Geographical Society. 
‘3 Geological Society of France. 
4 Mining Department. 
PsNnzancE.—Royal Geological Society of Cornwall. 
PHILADELPHI4A.—Academy of Natural Sciences. 
‘5 American Philosophical Society. 
a5 Franklin Institute. 
Pisa.—Society of Natural Sciences, Tuscany. 
Rio bE Janztro.—School of Mines. 
Romt.—Royal Geological Commission of Italy. 
Roorker.—Thomason College of Civil Engineering. 
SacramMenro.—California State Mining Bureau. 
Sr. Pirsrspurc.—Geological Commission of the Russian Empire, 


4 Imperial Academy of Sciences. 

SaLeM, Mass,—American Association for the Advancement of Science. 
- Essex Institute. 
= Peabody Academy. 


San Francisco.—California Academy of Sciences. 
SaancHai.—North China Branch, Royal Asiatic Society. 
Sineapore.—Straits Branch, Royal Asiatic Society. 
StTockHoLM.—Geological Survey of Sweden. 
99 Royal Swedish Academy. 
Srraspure.—Royal University. 
Syrpvey.— Australian Museum. 
5 Department of Mines, New South Wales. 
- Royal Society of New South Wales. 
Tox1o,—Seismological Society of Japan. 
Toronto.—Canadian Institute. 
Turtn.—Royal Academy of Sciences. 
Vienna,—Imperial Academy of Sciences. 


se Imperial Geological Institute. 
Wasuineton.—Commissioner of Agriculture. 
9%» Department of the Interior, 
” National Academy of Sciences. 
- Smithsonian Institute. 
29 United States Geological Survey, 
WELLINGTON.—Geological Survey of New Zealand, 
‘5 New Zealand Institute. 
Yorouaua.—Asiatic Society of Japan. 
, German Naturalists’ Society. 


Yorx.— Yorkshire Philosophical Society. 
Zteice.—Natural History Society, 
The Secretary of State for India. 
The Governments of Bengal, Bombay, Madras, North-Western Provinces and 
Oudh, and the Punjab. 
Chief Commissioners of Assam, British Burma, and Central Provincea. 


PART 1.] Branrorp: International Geological Congress of Berlin. 18 


The Commissioner of Northern India Salt Revenue, 

The Resident at Hyderabad. 

The Superintendent of Government Printing, India. 

Departments of Finance and Commerce, Foreign, Home, and Revenue and 
Agriculture. 


Report on the International Geological Congress of Berlin by 
W. T. Buanrorp, LL.D., F.R.S. 


The third International Geological Congress, postponed in 1884 on account of 
the prevalence of cholera in Southern Europe, has now been held in Berlin in the 
week commencing on the 27th September last. Acting upon instructions received 
from the Government, at the desire of the Director of the Geological Sur- 
vey of India, I attended this congress, like that of Bologna in 1881, as the 
representative of the Indian Geological Survey. The following brief account of 
the proceedings and results of the Berlin Congress is similar to that which I wrote 
on the previous occasion, and which was published in the Records of the Geologi- 
cal Survey of India fur 1882, Vol. XV, page 64. 

The meeting at Berlin was held in the Reichstagsgebiude (House of the Im- 
perial Parliament), in the hall in which the German House of Representatives 
meet. Council and committee meetings were in adjoining rooms. A collection 
of maps and geological specimens, many of which were of great interest, was 
exhibited at the Bergakademie (Mining School). 

The attendance of geologists was considerably larger than at Bologna,! 
amounting altogether to 255, of whom 163 came from Germany, 16 from Austria- 
Hungary, 18 from Italy, 11 from Great Britain, 10 from France, 9 from the 
United States, 6 from Russia, the same number from Belgium, and smaller 
numbers from other countries. Asia was represented by one member from 
Japan and one from India. Amongst those who were present were nearly all 
the principal geologists of Germany, and the representation of other countries 
was both large and important. 

The arrangements as to the Bureau (council or general committee) and the 
selection of vice-presidents, secretaries, &c., were similar to those of Bologna. 
The president was Professor E. Beyrich, and the general secretary, Mr. W. 
Hauchecorne. These two geologists, it may be mentioned, are the directors of 
the new geological map of Europe, by far the greater share of the work upon 
which has been undertaken by them. The honorary president, Professor H. 
von Dechen of Bonn, who attended the mceting throughout, belongs to the 
generation of geologists who were contemporaties with Lyell and Murchison? It 
would be difficult to name any one more generally respected throughout the 
scientific world. Professor G. Capellini, the able president of the Bologna Con- 
gress, also attended the meeting. 


1 The number actually present at Bologna was 225, of whom 150 were from Italy. 
2 His election as foreign member of the Geological Society of London dated trom 1827, or 24 
years before the date of election of any other foreign member now living. 
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In one important point the last congress differed from that which preceded 
it. The whole of the time at Bologna was devoted to the discussion of questions 
relating to nomenclature, geological and paleontological, or to map colouration. 
At Berlin only a portion of each sitting was occupied with similar discussions, the 
remainder being reserved for papers on various geological subjects and contri- 
buted by writers from several different countries. These papers will, it is under- 
stood, be published in the volume containing the results of the meeting. It 
is a question whether several of these papers—perhaps the majority—were not 
better adapted for meetings of scientific societies than for presentation to a body of 
geologists drawn from various nations. Some, indeed, irrespective of the subjects 
treated, were scarcely of sufficient importance to deserve international attention. 
On the other hand, the time devoted in the discussion of questions of the highest 
importance was utterly insufficient, and such matters as the classification of tertiary 
rocks and even the number of tertiary systems were not considered at all. 

Arrangements at close of Bologna Oongress.—In order to understand the pro- 
ceedings at Berlin, it is necessary to refer to the arrangements made at the close 
of the Bologna meeting. The principal objects of that congress were to agree 
upon a system of geological nomenclature, to define a scale of colours for geological 
maps, and to formulate laws for the regulation of paleontological nomenclature. 
All of these projects were partially carried out, The terms to be applied to the 
principal kinds of divisions under which it was proposed to classify sedimentary 
rocks were noted, and designations approved for the corresponding divisions of 
geological time. The colours for tertiary, cretaceous, jurassic and triassic beds, 
and for crystalline schists, were accepted, those for paleeozoic systems being referred 
to a committee appointed to arrange for the publication of a geological map of 
Europe. Some simple rules for paleontological nomenclature were also discussed 
and approved by a majority. 

In addition to the progress made in coming to an agreement upon the various 
propositions laid before the congress, it was resolved to appoint a committee for 
the preparation and publication of a geological map of Europe on the scale of 
1: 1,500,000 (23°67 miles to an inch), and to this committee were referred for 
further consideration various details connected with colouration, such as the tints 
to be adopted for palwozoic rocks, as already mentioned. Another and larger 
committee was appointed to carry on further the attempt at rendering geological 
nomenclature uniform. 

International committee meetings in 1882 and 1883.—Meetings of both these 
committees were held simultaneously at Foix (Southern France) in September 
1882, and at Zurich, in Switzerland, in August 1883. Both meetings were very 
fairly attended, and I was able to be present on”both occasions. The proceedings 
at Foix were for the most part preliminary, and it was chiefly at Zirich that the 
actual discussion on nomenclature took place. 

Meantime considerable progress was made with the topography of the new 
geological map of Europe, and a complete scheme of geological colours was pro- 
posed at Foix. It will be necessary to revert to this subject because several of the 
decisions of the congress at Berlin refer to this map, and consequently have not 
the same scope as the decisions of the Bologna mectmg. 
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The most important question in geological classification,—more important than 
the definition of such terms as group, system, era, period, &c.,—is the formation of 
a geological time scale, by which to compare the sedimentary formations of differ- 
ent countries. Up to a certain point there is a fairly general agreement. Nearly 
all geologists consent to a sub-division of sedimentary rocks into paleozoic, 
mesozoic, and csenozoic or tertiary; and several of the systems and even the 
series into which each of these groups is divided are also generally recognized ; 
but there are some sub-divisions, such as the so-called Quaternary, the Permian 
and Rhetic, the rank or the affinities of which, or both, are far from being defi- 
nitely fixed. 

The discussion at Ziirich was chiefly directed to the determination of the sys- 
tems into which the greater groups should be divided. The divisions proposed 
at Foix for the map of Europe by a committee of German and Austrian geolo- 
gists! assembled for the purpose were the following :— 


1. Gneiss and Protogine. 
2. Crystalline Schists. 
8. Phyllites (azoic slates, &c.). 
4. Cambrian. 

&. Lower Silurian. 
6. Upper Silurian. 

7. Lower Devonian. 

8. Middle Devonian. 

9. Upper Devonian. 

10. Lower Carboniferous (mountain-limestone, &c.). 

11. Upper Carboniferous (coal-measures, millstone-grit, &c.). 
12. Lower Permian (Rothlicgendes). 

13. Upper Permian (Zechstein, &c.). 

14. Lower Trias (Bunter), 

15. Middle Trias (Muschelkalk). 

16. Upper Trias (Keuper). 

164. Rheetic (provisionally). 

17. Lower Jurassic (Lias). 

18. Middle Jurassic (Dogger, including the Callovian). 

19. Upper Jurassic (Malm with Tithonian and Purbeck). 

20. Lower Cretaceous. 

204. Gault ( provisionally), 

21. Upper Cretaceous. 

22. Eocene. 

224. Flysch (provisionally). 

28. Oligocene (with Aquitunian). 

24. Miocene. 

25. Pliocene. 

26. Diluvium (Pleistocene). 

27. Alluvium. 


Rheetic, Gault, and Flysch were merely inserted as provisional terms. 
Before the meeting of the committees at Ziirich, a circular was sent by the 
president, Professor Capellini, pointing out that there were seven questions of 


3 Including Professors Von Dechen, Gimbel, Von Hauer, E. Roemer, and H. Credner, besides 
Professor Beyrich and Mr. Hauchecorne. 
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particular interest requiring solution, in order that the geological classification to 
be employed in the map of Europe should be determined. These questions 
were— 
1. Do you approve for the index to the map of Europe of the 27 stratigraphi- 
cal divisions mentioned on page 8 of the Record (compte rendu) of the 
Foix proceedings, or do you wish for any modifications, and what are 
they ? 
2. Are you of opinion that the Rhetic should be united to the Lias or to the 
Trias P 
3. Should the Gault be joined to the lower or to the upper Cretaceous P 
4. Should the Flysch be united to the Eocene or to the Oligocene P 
5. The congress not having yet determined the conventional colours for 
palwozoic periods, do you approve of the following proposed by the 
directors of the map P 
Cambrian, reddish grey. 
Lower Silurian, dark sage-green! (vert-soie). 
Upper Silurian, pale 99 
Lower Devonian, dark-greenish brown. 
Middle Devonian, medium ‘5 
Upper Devonian, pale 29 
Lower Carboniferous, bluish grey. 
Upper Carboniferous, grey. 
Lower Permian, burnt sienna. 
Upper Permiun, sepia. 


6. Be so good as to propose a term as the chronological equivalent of assise, 
to represent from this point of view, divisions of the fifth order. 

7. Would you recommend that the terms group and series should be inter- 
changed, as was proposed at Foix; that divisions of the first order 
should be called series, and those of the third order groups P 


To these questions replies were sent by a few national committees. Questions 
2, 3, and 4 are really part of question 1, and they were discussed at Ziirich before 
the others. 

On the subject of the Rhetic opinions were greatly divided. In France and 
England the Infra-lias, Avicula contorta or Penarth beds are so intimately con- 
nected with the Lias that for a long time they were classed as apartof it. In 
the Eastern Alps on the other hand, asin the Himalayas, the Rhetic beds are 
much more developed and form the uppermost portion of the Triassic system. 
Lastly, in Franconia the Rhetic beds are actually intercalated in the uppermost 
clays of the Keuper. A compromise was finally adopted for the map of Europe, 
the Rhetic being represented by coloured cross-lines applied either to the Triassic 
or Jurassic colour, according to what was considered correct in different localities. 


1 Mr. Blanford did not translate vert-soie, and I cannot find the term in any available 
authority, living or printed. Mr. T. Wardle, an expert in the technology both of colours and of 
silk, bas given me ‘ sage-green’ as the nearest term for the silurian colour in the ‘ Gamme des 
couleurs’ issued by the international map committee, and this is presumably the veré-scie of the 
text.—H. B. M. 
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The union of the Gault with the upper or the lower Cretaceous was also a 
matter on which there was much diversity of opinion. The majority were in 
favour of dividing the cretaceous into three series, and of making the Gault and 
upper Greensand (Cenomanian) the middle division; but if this were found im- 
practicable in the case of the map of Europe, it was agreed though not without 
strong opposition to include the Gault in the lower Cretaceous. 

The Flysch, it was shown by several geologists, is not a distinct and definite 
sub-division, but a peculiar petrographical condition of beds that are of various 
ages, some being cretaceous. It was unanimously agreed to omit the name from 
the map altogether. 

These preliminary questions having been settled, the remaining divisions to 
be adopted for the map of Europe were discussed, commencing with the lowest, 
and the following decisions were arrived at. 

It was agreed unanimously that the three lowest divisions should be united 
into a single system, to be termed Archean.? It was urged that some other term 
than Phyllites should be used for unaltered or slightly altered Pre-cambrian beds. 

The union of Cambrian and Silurian into a single system with three sub- 
divisions was supported by 8 votes out‘of 10 who voted. 

The Devonian was recognised as a system divided into three series; it was 
however pointed out that this system is far inferior in development to the united 
Cambrian and Silurian. 

On the question whether the Permian should remain a distinct system, or 
be classed as the uppermost series of the Carboniferous, the votes were 
equally divided. It was however agreed that one sub-division sufficed for the 
Permian, the Zechstein being represented by a special marking on the Permian 


colour. 
The Trias was not discussed. It should however be mentioned that the old 


classificution under which this system is divided into Bunter, Muschelkalk, and 
Keuper, is opposed by many geologists, who urge that the alpine sequence, com- 
posed entirely of marine beds, is more typical and affords better characters for com- 
parison than that of Central Germany, where two of the sub-divisions, Bunter and 
Keuper, are nearly or entirely destitute of marine fossils, whilst the fauna of the 
Muschelkalk is peculiar and local. The alpine beds show that there is no distinc- 
tion between the faunas of th ebeds representing Muschelkalk and Bunter respect- 
ively comparable with the difference between these two lower marine sub-divi- 
sions, and that representing the Keuper, and consequently that a twofold and 
not a threefold division is indicated. 

After considerable discussion the limit between middle and lower Jurassic was 
drawn below the beds with Ammonites opalinus (upper Toarcian) and that between 
upper and middle Jurassic at the base of the Callovian, 

This was practically the close of the session, the cretaceous sub-divisions 
having been previously discussed. No attempt was made to enter upon the 


subject of tertiary systems. 


3 At the Berlin congress, 0s will be seen, the term group was substituted (in this connection) 


for system. 
B 
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At a previous sitting, however, the classification to be adopted for igneous 
rocks had been discussed at some length. The original proposal made at Foix by 
Professor Beyrich, one of the directors of the map, was to divide igneous rocks into 
five classes,—granitic, porphyritic, melaphyritic, trachytic, and basaltic.1 (There 
was a still earlier proposal by the Hungarian committee in 1881 to adopt five 
classes, but melaphyre and its allies were omitted and a separate group of modern 
volcanic rocks added.) At Ziirich two proposals were brought forward, one by the 
Swiss committee of nomenclature, the other by Professor Neumayr, the Austrian 
member of the International Committee. The former pointed out that, as in 
Europe, ‘there were very few mesozoic eruptive rocks,* it was easy in a map of 
that continent to divide igneous formations in general into two groups, ancient and 
modern, and that each of these might be again divided into basic and acid. A 
fifth sub-division might be made for recent volcanic rocks, but this appeared of 
more doubtful necessity. Professor Neumayr proposed seven sub-divisions, gra- 
nites and diorites, porphyries and melaphyrs, trachytes and basalts, and serpen- 
tines. The directors of the map accepted the principle of the Swiss Committee’s 
report, but with the addition of a special tint for ancient porphyries (felsite, &c.), 
im order to distinguish them from granite and its allies, and another as proposed 
by Professor Neumayr for serpentines. 

Another proposition brought forward by Professor Neumayr received general 
assent, This was a scheme for the preparation and publication, under the guid- 
ance of a Committee appointed by the congress, of a Nomenclator Palgontologicus, 
containing the names of all published species of fossil animals and plants with 
references. 

The questions 5, 6, and 7, previously mentioned, were not discussed at the 
Zirich meeting, nor brought before the congress at Berlin, but replies to some of 
them were sent in by some of the national committees. A few propositions weremade 
with regard to the colours for palsozoic rocks, but they appear hitherto to have led 
tono result. The word phase was proposed by the Swiss committee and adopted by 
some others as the equivalent of the term assise.® The employment of the word 
series instead of group for the greater geological divisions (palsozoic, &c.), and 
of group instead of series for sub-divisions of systems, was considered desirable 
by several committees (French, Swiss, Spanish, Portuguese). One or two however 
were opposed to it, and from many no reply was received. It may be remarked 
here that the council at Berlin decided by a large majority not to reopen any 
question on which a decision had been taken at Bologna. 

Berlin Congress.—After the Ziirich meeting of the International Committees 
very little was done for two years. At the Berlin meeting of the Congress two 
printed reports were presented, one on the geological map of Europe, the other 
on nomenclature. 


1'This was virtually founded on the view generally held in Germany that there is a radical 
petrological distinction between ancient eruptive rovks to which the three first classes belong and 
later igneous formations, 

* It need scarcely be remarked that the reverse is the case in India. 

® No good English equivalent has been suggested for this term. The proposal to use ‘beds’ 
in English is riot likely to meet with general acceptance. 


? 
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The report on the geological map of Europe was drawn up by Professor 
Renevier, Secretary to the Committee, and referred mainly to details of publica- 
tion, management, &c. The only conclusions of general importance related to 
colouration and to the classification of rocks. The following is the classification 
that appears to have been adopted :— 


Sedimentary formations. 
Quaternary. 
Pliocene. 
Miocene. 
Oligocene 
Eocene. 
{ Upper Cretaceous. 
Lower % (Gault included). 


Upper Jurassic, 

} wi Jurassic, 
Lower Jurassic, 
Upper Triassic, 
Middle Triassic. 
Lower Triassic. 
Permian. 

Upper Carboniferous, 
Lower ” 
Upper Devonian. 
$wiaat Devonian. 
Lower Devonian. 
Upper Silurian. 

| Lower Silurian. 
Cambrian. 

Azoic Slates. 
Crystalline Schists. 
Gneiss. 


Eruptive formations. 
Granite, Syenite, &c. 
Porphyry. 

Trachyte, Phonolite, &c. 
Melaphyre, &c. 
Serpentine. 

Basalt, Dolerite, &c. 
Recent eruptions. 


The colours for paleozoic rocks proposed by the Committee, and adopted by 
the Congress, are grey for Carboniferous and brown for Devonian. For Silurian a 
dark green was used in the provisional scale of colours employed in some preli- 
minary trials, but was found to be too nearly similar to the cretaceous colour 
The question of the colour to be used for Silurian, including Cambrian, was there- 
fore again referred to the map Committee.! 


1 It may here be remarked that the adoption of violet for Trias after having been proposed 
for Silurian by several national committees, and recummended in the printed reports of the Inter. 
national Committee laid before the Bologna Congress, has apparently led to great difficulty in the 
selection of a suitable colour for Silurian. 
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For the seven sub-divisions of igneous rocks seven tints of red from bright 
light-red to deep brownish-red were proposed. The brighter tints were reserved 
for acid rocks and recent eruptions, browner tints for basic rocks. 

Some minor questions of detail were also noticed. Thus it was proposed in 
cases where the system to which a rock belonged is known, but the sub-division is 
uncertain, to use the medium tint of the colour with the initial letter of the sys- 
tem by itself. When the sub-divisions are known, but the scale of the map is 
insufficient to represent them separately, the medium tint of the colour, it was 
suggested, might also be employed, but to the initial letter should be added the 
smaller letters or numbers indicating the different divisions. Lastly, in case of 
beds of which the system itself is doubtful, the colour of the most probable period 
might be employed, with white spaces, and with the addition of a mark of doubt 
to the letter representing the system. These points were left to the decision of 
the map Committee. 

It must be remembered that the conclusions accepted by the Congress so far 
relate solely to the map of Europe. For instance, no opinion whatever has been 
expressed as to the best classification of igneous rocks. The seven sub-divisions 
are merely a compromise adopted for the map.” 

The report of the Committee for establishing uniformity of nomenclature was 
drawn up by the Secretary, Professor G. Dewalque. It commenced by recapitu- 
lating the decisions of the Bologna Congress,’ then called attention to those para- 
graphs of the report* presented to that Congress on which no vote was taken. The 
remainder of the report laid before the Berlin Congress was occupied by proposi- 
tions for the names to be applied to systems and to their principal sub-divisions or 
series, and for the limits to be drawn in doubtful cases. 

The reports of the German, Belgium, Spanish, French, Hungarian, Portu- 
guese, Roumanian, and Swiss committees, were appended. The very full reports 
of the English committees were printed in English and distributed separately. 

So very little of the report was even discussed by the Congress, that it is un- 
necessary to translate any portion of it. The points on which conclusions were 
adopted were the following :— 


3.—After considerable discussion, it was agreed to class pre-cambrian rocks 
asa group and not as a system, and to use the term Archezan for this 
group. <A triple division, as already noticed, was adopted for the 
map, such division to be purely petrological and not to involve the 
idea of chronological succession. 
II1.—The term Silurian or Siluric was adopted for the combined Cambrian and 
Silurian systems. The consideration of the sub-divisions to be intro- 
duced in this system was postponed. 


4 For the literal notation, see Rec. G. 8. I. xv, p. 74, Rule 7. 

2 It has been repeatedly observed that it is illogical to classify igneous formations by their 
petrological character, whilst in sedimentary rocks the geological age alone is regarded as a basis 
for classification and lithological composition ignored. The classification adopted for eruptive rocks 
is not likely to be generally accepted, and will certainly not be adopted by English geologists. 

® Rec. G. 8. I, Z¥, pp- 70.-91. 

« Ibid, p. 70. 
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II.—It was agreed to accept the terms Rhenan, Eifelian, and Taunuenian, for 
lower, middle, and upper Devonian series, respectively. 

IV.—The question whether Permian and Carboniferous should be united into 
one system, produced by far the best debate in the Congress. The re- 
tention of two distinct systems was urged by some German, English, 
and French geologists, but opposed by others ; whilst geologists from 
other parts of the world almost univerally advocated the union of the 
two. The fact is that in Western Europe the Permian rocks are not 
only very distinct in lithological character, but they are in many 
places separated from the Carboniferous by well-marked unconformity 
Indeed in parts of Western Europe, and especially in England, there 
appears both lithologically and stratigraphically a closer connexion 
between Permian and Trias, the two forming together the New Red 
Sandstone of the earlier geologists, than between Permian and Car- 
boniferous. On the other hand, it was pointed out that the true Per- 
mian, the Dyas of some geologists, is peculiar to Europe; that the 
marine fauna (Zechstein) is closely allied to Carboniferous, and has no 
claim to separation, some of the species and nearly all the genera being 
found in true Carboniferous beds; that beds representing the Permian 
in other countries are merely upper Carboniferous beds, and that dis- 
tributions founded on lithology and unconformity are only of local value. 

The discussion was the more noteworthy because, instead of terminating 
by a vote, as was done im similar cases in Bologna, where some of the 
decisiong were only carried by very narrow majorities, the meeting 
accepted the suggestion of Professor Neumayr and abstained from a 
division.* It is however probable that had a vote been taken, a large 
majority would have been in favour of the union of the Permian with 
the Carboniferous. 

V.—It was agreed to divide the Triassic system into three series, but the 
limits were not defined. 

ViI.—The division of the Jurassic system into three series was unanimously 
adopted. The question as to the limits to be assigned to the different 
series was postponed, and also the determination as to the affinities of 
Rheetic beds. 


The remaining questions as to the divisions of the cretaceous system, the 
classification of tertiary systems, and the whole subject of igneous rocks, were 
practically left almost untouched. No attempt at any decision was made. 


1J pointed out in reference to this question, the singularly important evidence afforded by the 
strata of the Salt-range, where, as Dr. Waugen has shown, the upper Productus-limestone beds, 
although they contain far more Triassic genera than the Permian of Europe, and although they 
yield Ammonites and Ceratites, are intimately connected by identical species with the middle and 
lower Carbonrferous beds underlying them. Judging by their fauua, these Salt-range upper Pro- 
ductus-limestone beds are probably newer than the European Permian (Zechstein), yet there is no 
reason for classing them in a system distinct from the Carboniferous. 

2 I pointed out, Rec. G. S. I. xv, p. 66, the manifest objection to an attempt in a congress, 
the majority of members attending which belong to one nation, to settle difficult and disputed 
questions by a vote. 
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‘The committees for the map and for geological nomenclature were re-appoint- 
ed. a very few personal alterations being made, and it was arranged that meetings 
should be held in the course of the next two years. 

It was determined that the next triennial congress be held in 1888 in Lon- 
don, and, so far as can be determined beforehand, between August 15th and Sep- 
tember loth. A small committee of English members was nominated to carry out 
the necessary arrangements. 

In contrasting the two congresses that I have attended the greatest difference 
is that, in that of Bologna, there was an endeavour made to settle difficult ques- 
tions by the vote of a majority, whereas this was no longer attempted at Berlin, 
it naving been recognised by all that a congress is not a body qualified to remove 
international differences by voting. Irrespective too of the much smaller time 
given to discussions on such subjects as nomenclature, there was a great falling 
off in what may fairly be termed geological hobbies, such as the adoption of the 
solar spectrum as a basis for geological colouration, and a change, for the sake of 
uniformity, in the terminations of names applied to systems, &c. There was also 
miuch less talk, perhaps partly because Germans, though well acquainted with 
French, are less fluent in speaking it than Italians. On the whole the tendency 
appears to be to substitute action for discussion, as 1s seen in committees for the map 
of Europe and for a Nomenclator Palwontologicus having replaced those on map 
colouration and rules of paleontological nomenclature. The great importance of 
the congress is clearly due to the opportunity which it affords to the geologists of 
different countries to meet and become acquainted with each other. 


Note on some Paleozoic Fossils recently collected by Dr. H. Warts in the Olive 
group of the Salt-range, by W. WaaceEn, Pu.D., F.G.S. (With a plate.) 


This title will appear rather startling to those acquainted with the geology of 
the Salt-range ; but on a closer examination the fact indicated is in reality not so 
strange as it appears at first sight. 

The ‘Olive group” is more than any other formation of the Salt-range a 
true Proteus in its composition and general appearance, and, what is even worse, 
can only with very great difficulty be distinguished from the beds on which it 
rests, though the junction is always a discordant one. I need only recall the 
doubt that existed as to the age of the beds in which Zerebr. flemingi, Dav., was 
ound. By all previous writers these had been united with the underlying 
palszozoic beds, whilst in reality they belonged to the “Olive group” and were 
in time about equivalent to the Deccan traps and the Cardita beawmonti beds, 
as distinguished by W. T. Blanford in Sind. 

Just the opposite of what befell Dr. Fleming with regard te the beds contain- 
ing Ter. flemingi, seems to have happened to Mr. Wynne, with certain beds 
which he united with his ‘‘ Olive group,” whilst in reality they belong to the 
palwozoic series below. I have myself hitherto accepted this view of Mr. 
Wynne’s, because there were no obvious reasons to doubt it. It must be born in 
mind that I was sent to the Salt-range, not to control Mr. Wynne’s survey, 
but to study the succession of the different faunas there, and I wisely abstained 
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from meddling with beds which were then considered to be unfossiliferous. 
There was indeed no occasion for this control, as Mr. Wynne’s survey has proved 
in all cases perfectly correct. The mistake of having united a single unfossil- 
iferous bed with the overlying series of rocks instead of with the underlying one, 
only becomes appzrent after the age of this bed can be exactly determined. 

On page 69 of his Salt-range report? Mr. Wynne characterises the group as 
follows : “ Olive, reddish, and white sandstones, calcareous beds, black shales with 
boulders ; Terebratule and bivalves, 150 to 350 feet.” This is, however, ,only 
a general characteristic, and chiefly taken from the eastern parts of the Salt-range, 
as in the western parts neither the Olive sandstones nor the boulder beds have 
been found within this group. It needs only a look on the sections on pages 190, 
194, 206, &c., of Mr. Wynne’s report to become convinced of this. In all these 
western localities the group is composed of variegated sandstones, shales, 
glauconitic or pisolitic beds and hematite, in which fossils are not at all rare. 
These fossils are very characteristic, and absolutely identical with those found 
in the Cardita beawmonti beds of Sind. The beds with Terebr. fleming: belong 
decidedly to this series. Inthe eastern parts of the range the section is a quite 
different one. A few examples taken from Mr. Wynne’s report may suffice to 
illustrate this. On pages 165 and 166 the following section is drawn up from 


the cliffs below Dandot :— 
Feet. 
1. Nummulitic limestone . ‘ ‘ ‘ é : « 200 
2. Coal shales, traces to weutwend: 


Talus, room for 150 feet of beds, 


8. Red shales ; j ‘ : ; ; ; . . 56 
4. Light-coloured sandstones ‘ ‘ ; : : ; . . 20 
5. Shales ‘ - : ° z ‘ ° ° ; - 20 
6. Whitish sandstones ; A ‘4 : ; : : ‘ - 14 
7. Red clay or shale , : ; : é ; : ‘ . 86 
8. Greenish shales . P ; : ; ‘ : » 28 
9. Metamorphic pebble ponglomerste: . 12 


10. Red shaly and flaggy zone (salt-pseudomorph band) e 120 


The beds Nos. 3 to 9 Mr. Wynne considers as representing his Olive group. 
Here already a 12-feet bed of metamorphic boulders appears at the base of 
the group. The Olive sandstones, however, are not yet distinctly developed. 
Further to the east a section has been measured by myself in the vicinity of 
Sadowal. It is printed on page 154 of Mr. Wynne’s report. The section runs as 
follows, leaving aside the details of the beds above the strata that are here of 
special interest:—In this section the beds from 13 to 15 must very probably be 
taken as representative of Wynne’s Olive group; it may, indeed, be said that the 
section is a typical one. 


Feet. 

1—12. Variegated sandstones with coal seams ° . - 83 

18, Dark greenish-gray shale and thin-bedded sandstone ; . 80 to 
14. Thick grayish-green sandstone with aaa beds of gravelly 


conglomerate and bivalves . ° . - 15 to 20 
15. Boulder conglomerate. . 8 to 30 
16. Dark purple shale with thin bands of greenish sandstone ° - 5&0 
17. Red thin-bedded sandstones and flags with salt-pseudomorphs - 100 


2? Memoirs, Geol. Sur. India, vol. XIV (1878). 
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The most easterly localities where the group has up to the present be 
observed are in the country round. Bhaganwala. At page 138 of the repc 
there is a section of the coal locality there, which shows the following su 


divisions in these beds :— 
Fe 


1. Yellow fossiliferous nummulitic limestone ‘ : . Pan | 
2. Black shale . : é e 4 
4. Coal shale, including 3 feet 6 inches coal ‘ . : . i 
5. Gray lumpy sandstone . 


6. White ferruginous sandstone, coarse , quartz grains and ainetngus whi 
clay matrix, with black shaly and carbonaceous veins and string 
and delicate iad as and green pet —- ates ia aed at 
base . ° 21 

All these beds are headed . N fientaulieis - Gy Wout but the conplonieratss a 
east may represent the Olive series, as it is stated on the same page of the repor 
that large erratic blocks indicate the presence of the group in this neighbourhooc 

In these eastern sections the Cardita beaumonti beds are nowhere conspict 
ous, and they have not been known to exist until recently detected at sever: 
places of the eastern Salt-range by Dr. Warth, who sent me very numerou 
fossils, including Cardita beawmontt and Corbula harpa, from the country rounc 
Choya-Saidan-Shah, &c. 

These Cardita beaumont: beds are situated here between the coal and the Oliv 
sandstones of the Olive group, but are so intimately connected with the coal tha 
these latter very probably will also have to be considered as belonging to th 
same group. 

From these deductions it appears that whilst in the western parts of the Salt 
range the Olive group includes nothing but the Oardita beaumont: beds, in th 
eastern parts of the range yet another group of beds is contained in it, of whic. 
the boulder bed is the most conspicuous member; and it is to this boulder bed tha 
I wish to draw the particular attention of the reader, as just at the upper limit o. 
it have been found the fossils which are referred to atthe beginning of this paper 

The section at a place near Dillour, where most of the fossils have beer 
found, is, according to a communication I have received from Dr. Warth 
as follows :— 


| Wrammanli¢tia ienastana 


| Space concealed ; at other places here come the coal 
aaamae and tha hada ath Oaedsia hanamnnte. 


( | iiern anft saandatana 
- Olive Group - < | QManaretiana with faaala 
| RBaanlidae had 


Paendamarsh ealt.crvatal zone. 
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The fossils occur in a very thin bed, just at the top of the boulder bed. They 
are contained in brownish sandy concretions, which are generally crowded with 
individuals, in which, however, not very numerous species are to be found. 
Though the bed has been searched very diligently by Dr. Warth, and a native 
was occupied for weeks to collect fossils in it, yet the number of species is not 
greater than ten, some of which have however been found in many hundreds of 
Specimens. The concretions are all of about the same size and mostly of an 
oval shape. All of them are not fossiliferous: Dr. Warth found only one con- 
taining fossils among every twenty of them. But when fossils are present they 
are often in great numbers. 

The most common forms are Conularie, of which hundreds of specimens 
have been found, Next come specimens of Serpulites, which are however very 
much rarer: all the other fossils have been found only in sporadic specimens. 
The most abundant of all is a Conularia, which can be identified with all possible 
certainty with Conularia levigata, Morr., from carboniferous beds of Australia. 


1. Convnaria LavicaTA, Morris, Pl. I, fig. 1. 


1845. Conularia laevigata, Morris: in Strzelecki, Phys. descr. of New South Wales» 
p. 290, pl. XVIII, fig. 9. 

1877. Conularia levigata, (Morr.) Koninck : Foss, Paléoz. de la Nouvelle Galles du Sud, 
p. 313, pl. XXITI, fig. 1. 


This species attains rather considerable dimensions, but by far the greater 
number of specimens found in the concretions are small young specimens; only 
exceptionally are individuals met with so large as the one figured by me, or 
even larger. The species is somewhat variable, as I have tried to illustrate by 
different figures. ; 

The most striking characters, which always hold good, are—first, the rectangu- 
lar, not quadratic, section of the cone, the always smooth condition of the ribs, 
and the very regular distribution of these, so that always ten to twelve can be 
counted within the distance of 10 mm. 

The variability of the shell chiefly consists in the arrangement of the ribs, 
which are generally arranged in such a manner that in the middle of the faces of 
the pyramid, where the ribs meet under an obtuse angle, they alternate with each 
other ; sometimes however in one and the same specimen they do not alternate 
but unite directly with each other, and then form simply bent lines. 

The species seems to be most nearly related to Conularia ornata, d’Arch. 
and Vern., from the devonian, and to Conularia quadrisulcata, Sow., from the 
carboniferous period. From both it is different by its rectangular section ; 
from the former also by its smaller apical angle, which is only 15°, whilst 
it is 20° in Oonularta ornata, and from the latter by its coarser transverse 
striation. 

There cannot, I think, be much doubt about the determination of this form. 
The transverse section, the number of ribs, the apical angle, all are identical with 
Conularia levigata, and thus we can safely unite the Salt-range form with the 


Australian species. 
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2. CoNULARIA TENUISTRIATA, M‘Coy, Pl. I, fig. 3. 


1847. Conularia tenwistriata, M‘Coy: Ann. and Mag. Nat. Hist., Vol. XX, p. 307, pl. 17, 
fig. 78. 

1877. Conularia tenuistriata, (M‘Coy) Koninck : Foss. Paléoz. de la Nouv. Galles du Sud, 
p- 310, pl. XXIII, fig. 2. 


This species is much rarer than the preceding; there is only a single well- 
preserved specimen of it among the materials at hand. The characters of the 
species are however very easily traceahle, and thus the specimen can be deter- 
mined with perfect certainty. 

The shell must have been extremely long, as the apical angle is not more than 
10°. The transverse section of the pyramid is somewhat lozenge-shaped, possess- 
ing, however, two broader and two considerably narrower faces. The latter are 
rather deeply impressed in the middle. The four faces are covered with a rather 
fine transverse plication. The single folds are broken in the middle of each face 
and there mostly alternate. The folds are smooth on the top and very fine. 
There are nineteen to twenty within the space of 10 mm. In the grooves between 
the folds a very fine oblique striation is observable, These characters will 
suffice to recognise the species, 

As has been rightly remarked by Mons. de Koninck, the species is most nearly 
related to Conularia gerolsteinensis, d’ Arch. & Vern., from Rhenish devonian beds, 
but can be distinguished from that species by the more acute apical angle and 
the smooth, not granulated, ribs that cover the faces of the pyramid. Conularia 
tenutstriata was originally described, like Conularia levigata, from carboniferous 
beds of Australia. 


8. Conviaria cf. IRREGULARIS, Kon., Pl. I, fig. 2. 


1848. Conularia irregularis Koninck: Descr. des anim. foss., p. 496, pl. XLV, fig. 2. 
1883. Conularia irregularis, Koninck: Faune du Cale. Carb. de la Belgique, Ann. da 
Mus. Roy., Vol. VIII, p. 222, pl. LIV, fig. 1—8. 


There is only a single fragmentary specimen which might perhaps be assigned 
to the above species: a quite safe determination of the species is however impos- 
sible, on account of the very fragmentary state of the single specimen. 

Though on a first glance the specimen seems to bear a rather great resem- 
blance to Conularia laevigata, Morr., one soon finds on a closer inspection that it is 
different from all the other Conularie occurring in the concretions by granulated 
ribs; also the apical angle is quite different, being about 25° between two oppo- 
site angles of the cone. By these characters it approaches Oonularia irregularis 
nearer than any other species; moreover as the transverse section of the cone is 
an elongated rhombus, very much resembling fig. 4 of the drawings in the Annales 
du Musée Royal. 

The specimen is, however, rather small, and the ribs somewhat coarser than 
as represented by Mons. de Koninck, though they are not dissimilar to the draw- 
ings. These discrepancies, however, prevent me from directly uniting the Indian 
specimen with Oonularia trregularis. 

The species was originally described from the mountain-limestone of Visé. 


sorry 7 
git 3s, 
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4. Bucania cf. KaTTAENSIS W. 
1880. Bucania katiaensis, Waagen : Salt-range Fossils, I, p. 151, pl. XIV, fig. 6. 


Again a specimen which cannot be determined with safety. The specimen 
consists of an internal cast only, but the enormously broad slitband, the impres- 
sion of which can be made out, recalls strongly the same feature in Bucanin 
kattaensis, wherefore I have united this cast with it. 

It would not be at all astonishing that a species of the lower Productus- 
limestone should occur in the concretions. 


5. Nucura, sp. indet., Pl. I, fig. 6. 


It is in general of an oval shape with rather inflated valves. The figured 
Specimen is an exceptionally small one. 

It might be compared to quite a number of species, but as the determination 
of this form is of no value whatever, I shall abstain from such a comparison. 

There have altogether been found three specimens of this form. 


6. ATOMODESMA (?) wARTHI, Waagen, n. sp., Pl. I, fig. 7. 


This species is represented by some not very well preserved specimens, and it 
is rather doubtful to what genus it should be assigned. 

There is no specimen in which the hinge could be seen, but the general form 
is not dissimilar to Atomodesma ; I may therefore assign the species to that 
genus. 

It is chiefly characterised by a strongly inflated apical region. The substance 
of the shell is rather thin, and therefore mostly not well preserved. It shows 
very fine concentric striation on its outer surface. On the internal casts a more 
coarse concentric plication appears, which is crossed by a very fine and rather 
indistinct radial striation. 

¢. AVICULOPECTEN cf. LimzForMIs, Morris, Pl. I, fig. 8. 
1845. Pecten limaformis, Morris, in Strzelecki: Physical descr. of New South Wales, 
p. 277, Pl. XIII, fig. 1. 
1877, Aviculopecten limaformis, (Morris) Koninck: Foss, Paleoz. de la Nouvelle Galles 
du Sud, p. 291, Pl. XXII, fig. 4. 

The only specimen that has been found up to the present is fragmentary, and 
very considerably smaller than the one figured by Morris; it can nevertheless be 
compared in general appearance to that species, as the character of the not- 
divided ribs is very similar. 

Av. limeformis is again an Australian carboniferous species. 


8. Discrna, sp. indet., Pl. I, fig. 9. 


A. very large Discina, of which, however, there is but one imperfect specimen, 

Fragments of both valves are preserved, and the slit-like aperture of the lower 
valve can be well distinguished. Both valves are rather flat. The upper valve 
seems to be granulated on its outer surface. Otherwise both valves are orna- 
mented only with a fine concentric striation. 
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As no other characters can be made ont, it seems not advisable to express any 
opinion as to the specific affinity of this shell; nevertheless it must be remarked 
that we have to deal here with a true Discina and not with one of the genera that 
occur in the Neobolus bed of the Salt-range. 


9. SERPULITES WARTHI, Waagen, n. sp., Pl. I, figs. 4, 5. 


Next to Conularia laevigata this is the most common species in the concretions, 
It belongs to that group of forms which bear no marginal thickenings, and is 
very neaily related to a species from the lower Productus-limestone to which I 
have given the name of Serpulites indicus W. 

From this latter species the present one is distinct by its much smaller size. 

This group of forms, without marginal thickenings, has till very recently not 
been known to occur above the silurian period, but the species from the Produc- 
tus-limestone demonstrates that such species can occur also in much more recent 


strata. 
10. Serputires Tusa, Waagen, 2. sp. 


Together with the preceding species occurs a much smaller one, with an en- 
larged trumpet-shaped mouth; I introduce for it the above name. It is much 


more rare than Serpulites wartht 
To sum up, after the description] of the several forms we find the fauna con- 


tained in the concretions to be composed of the following species :— 


Bucania cf. kattaensis W. 
Conularia laevigata Morris. 
tenurstriata M‘Coy. 

Pe cf. irregularis Kon. 
Nucula sp, indet. 
Atomodesma (?) warthi W. 
Aviculopecten cf. imaformis Morris. 
Discina sp. endet, 
Serpulites warthi W. 
tuba W. 
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It must be confessed that this fauna is not very large; nevertheless it can 
positively be affirmed that it cannot possibly be a mesozoic fauna, but that it 
must be considered as belonging to the palwozoic series. The occurrence of 
hundreds of specimens of Conularia give it an entirely palssozoic character. 

The whole fauna is however almost entirely new to the Salt-range; only the 
Bucania cf. kattaensis W. has been formerly described by me from the lower 
Productus-limestone of Katta. The determination of this species cannot how- 
ever be made with sufficient certainty, as only a single internal cast is available. 
Quite different is the case with the Oonularie. One of them (Con. laevigata) at 
least has been found in hundreds of specimens, and its determination is above 
any doubt; the determination of the other (Oon. tenwistriata) is also quite safe. 
Now these two forms are identical with species that were originally described 
from Australia, from beds there intercalated with coal-seams, and in which at 
the same time numbers of Producti, Spirtfera and other similar fossils occur, in- 
dicating a carboniferous age for those beds. To the same horizon point the 
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Aviculopecten of. limeformis Morr. and the Con. of. trregularis K. though they 
cannot be identified with certainty. The other species (Nucula sp. ind. and 
Discina sp. ind.) are new ; but they exhibit quite a palwozoic character, as also do 
the Serpulites, or at least they do not contradict the palwozoic age of the whole 
fauna, 
On the whole if we consider th safely or approximately determinable species, 
which are— 
Bucania f. Kattaensis W. 
Conularta laevigata Morr. 
es tenuistriata M‘Coy, 
= of. trregularis Kon. 
Aviculopecten cf. limeformis Morr. 


we see that all of them point towards a carboniferous age of the beds in which 
they have been found. 

There is however a circumstance which imposes some caution in this respect; 
this is the occurrence of the concretions on the top of coarse boulder-conglomer- 
ates, into which they may have been transported from afar, having previously 
been washed out from some other older formation. — 

When the first concretion containing Conularie reached me from India, I was 
convinced that it was a transported pebble and not tn situ in the bed in which it 
had been found. But after a time Dr. Warth sent me so many proofs in favour 
of an opposite opinion, that at last I came to belive that these concretions were in 
situ, and the age of the bed in which they occurred could be judged from them. 
These proofs were the following :— 


1. The concretions occur not irregularly throughout the whole boulder-bed, 
but are most distinctly restricted to a very thin layer just at the top of the bed, 
where they occur rather plentifully. 

2. This thin horizon has a very regular and constant horizontal distribution, 
and Dr Warth was able to state its existence over more than ten square miles, 
everywhere exhibiting absolutely the same characters. 

3. The fauna contained in the concretions is a very uniform one, and points 
distinctly to a single geological horizon. If the bed in which these concretions 
are contained were of cretaceous age, and the concretions transported, a mixture 
of the fauna with different foreign forms would be the necessary result, and it 
is impossible that among the hundreds of fossils that have been collected not a 
single triassic or jurassic species should occur or even any silicified specimen 
from the Productus-limestone. 

From all these reasons it results with absolute certainty, that the concretions 
containing the above fossil are im situ, and that the bed in which they occur is of 
carboniferous age. 

Thus we have in the eastern parts of the Salt-range two constituents within 
the Olive group of Wynne, one equivalent in age to the Oardita beaumonti 
beds, of which the Olive group is solely composed in the western parts of the range, 
and another below it containing a boulder.conglomerate which is of carboniferous 
age, and restricted entirely to the eastern part of the Salt-range, 
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There remains some difficulty in deciding what beds should be placed in the 
upper part and what in the lower part of the divided group. The chief doubt is 
with regard to the soft olive-coloured sandstones which overlie the bed with 
OConularie and contain sometimes bivalves of a Unio-like appearance. I should 
be rather inclined to count these with the upper part, and to restrict the lower 
part to the boulder-bed ; but I cannot give positive data in this respect, and just 
the contrary may be correct, All depends on future finds of fossils. 

This is a matter of no great importance. Of the greatest importance, however, 
is that we have recognised the ‘‘ Olive group” to be composed of two members, 
one of approximately upper cretaceous, and another of carboniferous age. 

Some words have yet to be said upon the petrological character of the latter. 
I have spoken of it as a boulder-conglomerate, and in fact the greater part of this 
deposit is made up of boulders, often of quite enormous size, true erratic blocks, 
which are imbedded in a dark-coloured shale, intermixed often with gravel or 
coarse sand. The rocks of which the boulders consist are all of a very hard 
nature, beautiful granites of different colours, syenites, different porphyries, green- 
stones, quartz-rock, &c., but no rocks of a softer nature, like sandstone, &c, They 
are mixed together in the most irregular manner, and have been taken by Mr. 
Wynne as indications of the vicinity of a sea-shore. When I visited the Salt-range 
I observed, however, in these boulder-conglomerates a great number of striated. 
pebbles, and recently Dr. Warth has also sent a number of them to Kurope. He 
writes at the same time that they are so common that he might get any number 
of them if required. Such scratched pebbles and boulders imbedded in a soft 
shale are always indications of the influence of ice action, and thus we must 
admit for the formation of these boulder-conglomerates the collaboration of ice 
on a grand scale. 

We have thus now fixed two characters for the beds in which the Oonularie 
occur, first that they are of carboniferous age, and second that they have been 
formed under the influence of ice action. 

There remains yet to look out for the equivalents of this boulder-conglomerate 
in the western parts of the Salt-range, as carboniferous beds are well known to 
exist there, and they must be in some relation to the carboniferous boulder-bed of 
the eastern range. 

It is a well known fact, that on the whole the Olive group, or perhaps more 
properly speaking, the Oardita beaumont: beds, rest unconformably on the entire 
palesozoic and mesozoic series of the Salt-range, but the unconformity is such a 
slight one that in the single sections it cannot be observed at all, and can only be 
made out by observing that in nearly every section this Oardita beawmont: group 
rests on different beds. 

If we start from the west we find at first the Cardita beawmonti group but very 
little developed, a few beds of sandstone and hematite is all that can be assigned 
to it. These rest on jurassic beds. Further east, for instance in the country 
round Katwéhi, the group is well developed, full of fossils, but rests on the 
Ceratite beds. At Nursingpohér it rests already directly on the compact Produc- 
tus-limestone, the Oeratite beds having disappeared. In the Nilawdén the compact 
limestones have also disappeared, and the Cardita beaumonti group rests now 
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directly on the Fusulina beds of the lower productus-limestone. We see that 
thus the group comes into contact with beds which are more and more low in 
the series as we proceed further towards the east, and going yet further eastward, 
we suddenly find the carboniferous boulder-beds with COonularie appearing 
below the Oardiia beauwmonti group. These boulder-beds were entirely absent up to 
this point in Wynne’s Olive group, but boulder-beds were not rare to the west at 
a lower horizon, in, or at the base of, the speckled-sandstone group. Now just 
where the boulder-beds with Oonularie appear below the Card.itu beaumont: beds at 
the base of Wynne’s Olive group, the lower part of the speckled-sandstone ought 
to crop out from below the Olive group, according to the arrangement very regular- 
ly observed from the western termination of the Salt-range up to the Nilawan. 

We thus have in the first place to look to the speckled-sandstone for an equiva- 
lent of the Conularia beds in the western Salt-range. 

Mr. Wynne says of the speckled-sandstone at page 93 of his report: ‘* This 
group (No. 5) is even at its commencement conglomeratic in places. It is 
occasionally so throughout its extension, and far to the west where the groups 
2 and 5 lose in thickness greatly, the conglomeratic character increases, the paste 
being often earthy and the enclosed fragments large boulders of crystalline rock ; 
but it is rather uncertain whether these beds may not belong to the purple-sand- 
stone.” This finally expressed doubt has been solved by the Trans-Indus sections 
which have since been examined by Mr. Wynne and in which the purple-sand- 
stone 1s exposed below the boulder-bed. 

It had for long been a puzzle to me, when I was in the Salt-range, that 
there should occur there boulder-beds, which evidently were formed under the 
influence of ice-action, at so different levels, as in the speckled-sandstone and in 
the Olive group, then supposed to be entirely of cretaceous age; and I could not 
realise the idea that in a country so near the tropics, at different and recurring 
periods such a low temperature should have been prevalent as to cause the forma- 
tion of large ice-masses. 

That boulder-beds formed under the influence of ice-action are not rare 
in the western Salt-range is a well-known fact, and chiefly in the most western 
parts as well as in the Trans-Indus continuation of the range these beds are of a 
remarkable development. That ice was really greatly concerned in the forma- 
tion of these beds appears beyond doubt, partly from the numerous striated and 
scratched stones that are found in them, partly from the huge erratic blocks 
which are off and on to be met with. We find these boulder-beds mentioned at 
different places of Mr. Wynne’s report. They are assigned there partly to the 
magnesian-, partly to the speckled-sandstone, but as the former is barely at all 
distinguishable in the western sections a mistake is very easy, and it is certainly 
not a great mistake to assign all these boulder-beds to one and the same large 
group of rocks. Such boulder-beds are for instance mentioned at pages 214 
and 237 of the report. As has been mentioned above they become more constant 
and less often replaced by sandstones further to the west, and as we approach 
the Indus the boulder-beds are the only rock that intervenes between the Pro- 
ductus-limestone and the purple-sandstone or the salt-marl. A still more con- 
spicuous development of these boulder-beds is presented in the Trans-Indus 
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continuation of the Salt-range, and a look into pages 64 and 71 of Mr. Wynne’s 
Trans-Indus report! will give a very fair idea of them, Mr. Wynne does not how- 
ever exactly place these boulder-beds on a level with any bed developed in the Salt- 
range proper, but on page 26 of the report he considers the speckled-sandstone to 
be absent, and with regard to the boulder-beds he says: ‘“‘Similar beds on this 
horizon” (in the Salt-range proper). On the whole Mr. Wynne seems not quite 
averse to the idea that all the boulder-beds of these mountain chains should at 
least be compared to each other if they could not be reduced to one and the same 
group of beds. He writes on page 68 of his report: “In the neighbourhood of 
Kafirkot-south the red boulder group, with a thickness of 100 to 150 feet, is 
occasionally exposed close on the bank of the Indus, appearing from beneath 
shattered and disturbed carboniferous limestone layers. Here the beds with 
boulders are somewhat below the top of the group; they contain blocks up to 
one and a half feet across of red granite, dark basalt, limestone, white metamor- 
phic limstone, quartzose and other indurated rocks, embedded in a dark gray clay : 
the assemblage strongly recalling both the western Salt-range infra-carboniferous 
beds and also the much newer conglomeratic clays of Chel-hill in the eastern part 
of that range, supposed to occupy a cretaceous horizon,”’ 

From all that has been said in the foregoing pages it appears that there 
exists a group of beds in the Salt-range, which is in the eastern parts of the range 
mostly composed of sandstones, which off and on enclose a boulder-conglomerate, 
while in the western parts the boulder-conglomerates predominate. This group 
follows always below the Productus-limestone group and rests either on the 
magnesian-sandstone, or on the Neobolus-beds, or on the purple-sandstone, or at last 
on the saltemarl. From this it appears that it is m a more close connection 
with the overlying than with the underlying beds. 

As regards the age of this group containing boulder-beds, it is not difficult 
of determination. The Productus-limestone has been described in detail in my 
large work on the fossils it contains, and it has been shown there that three 
divisions can be distinguished, of which the upper two have to be placed on a 
level with the permian beds of Europe, whilst the lower one, containing Fusuline, 
with very great probability must be considered as representing the upper- 
most horizon of the coal measures. Now the speckled-sandstone which follows 
below, and which contains the boulder-beds, is most intimately connected with 
the lower division of the Productus-limestone, and must be placed with it in 
one and the same group. It thus cannot be lower in the series than the coal- 
measures of Europe and elsewhere, whilst the magnesian-sandstone and the 
Neobolus-beds, which follow next below, and form together another group of 
beds probably must be considered as the equivalents of the lower-carbuniferous. 

After this excursion ou the boulder-beds of the Salt-range, we have now to 
return to our Olive group, and the boulder-bed it contains. There follow three 
things from the preceding considerations: 1, the boulder-beds of the Olive group: 
appear, geographically, just where the last remnants of the lower part of the 
speckled-sandstone ought to crop out from below the Cardita beawmonts beds ; 
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2, the boulder-beds in the speckled-sandstone, or which occupy elsewhere its 
bathrological position, are in appearance extremely similar to the boulder-bed of 
the Olive series; 3, the boulder-beds of the western Salt-range are probably of 
the age of the coal-measures; for the boulder-beds of the Olive series have been 
proved of carboniferous age by Dr. Warth’s discovery of fossils in them. 

From these three points it results with ncarly absolute certainty, that the. 
boulder-bed of the Olive group is the last eastern remnant of the speckled- 
sandstone group, and that this boulder-bed also must be considered as equivalent 
in time to the coal-measures. 

If thus all the boulder-beds of the Salt-range belong to one and the same 
group, we have all at once a large glacial formation stretching through the whole 
Salt-range during the time of the coal-measures. In speaking of a glacial 
formation, I do not mean that real glaciers were concerned in the formation of 
these beds; it was probably floating ice coming out of the mouths of rivers, 
which brought the boulders with it, and deposited them along the sea-shore. 

There have, however, still several difficulties to be overcome, before this 
grand glacial formation can be considered as fairly established. 

The sandy strata contained in the paleozoic series of the Salt-range are most 
evidently a littoral deposit, formed on a very flat, slowly-descending shore. 
That all these sandy beds, down to the upper limit of the purple-sandstone, are 
not much different in age and form more or less one continuous series, has been 
stated already in the introduction to the Salt-range Fossils, and is again affirmed 
by the discovery of carboniferous fossils in the boulder-beds. 

It seems that along the shores of the ancient sea the sandy accumulations 
were heaped up in dunvs, which dwindled down towards the open sea to com- 
paratively thin layers of sandstone and boulders, the latter, supplied by the 
materials falling down from floating ice, occurring off and on at different horizons. 

This supposition alone can account for the great thickness these beds attain 
towards the east, and the rapid decrease they are subject to towards the west. 

In all the foregiong considerations I have not touched upou the question of 
the age of the “ Pseudomorphic salt-crystal zone, a8 it has been termed by Mr. 
Wynne, and which follows below the boulder-bed in which the palscozvic fossils 
have been found by Dr. Warth That this salt-crystal zone must be palaozoic, 
as the beds that overlie it are palwozoic, cannot be questioned, but also in their 
more special age they will not differ much from the rest. 

They are composed of sandstones and blood-red clays of very variable thick- 
ness, and from the surface of the sandstone flags numerous pseudomorphs of galt 
crystals stand out. ‘his shows these rocks to have been formed under very 
peculiar conditions. During their formation great quantities of salt-water must 
frequently have dried up, giving rise to the formation of numerous salt crystals, 
which were afterwards dissolved by the influx of fresh water, whilst the hollows 
left by the crystals were filled up with sandy matter. Such conditions could only 
have taken place in an estuary, in a back-water behind the dunes, and these rocks 
must probably be considered as a lenticular intercalation on a large scale between 
the masses of sandstone of which the lower half of the paleozoic rocks of the 
Salt-range is composed. 
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This ‘* Pseudomorph salt-crystal zone ” does not, then, present insurmountable 
difficulties to a rational interpretation; and by degrees more and more clearly 
these three facts come to light: 1, that there isa group (and only one group) 
of beds, which contains boulder-conglomerates throughout the whole Salt-range; 
2, that this boulder-group extends below the permian and topmost carboniferous 
‘beds and is on a level with the coal-measures; and 3, that this boulder-group has 
been formed under the influence of ice-action. 

These three facts are of the utmost importance, and a number of further 
conclusions may be drawn from them. 

Boulder-beds that were formed under the influence of ice action, have long 
since been known to exist in India, in the Talchir formation, forming the base 
of the Gondwana system. The age of this Talchir formation has been much 
contested; and the subject has been discussed in the most admirable manner in 
several papers by Mr. W. T. Blanford. The most probable conclusion to which 
Mr. Blanford at last arrives is to consider these beds as of permian age; while 
most of the previous writers had taken them to be either of lower triassic, or even 
of jurassic age. All authors were, however, quite agreed upon one point, that 
these beds had to be compared with certain beds occurring in Australia, in which 
a number of species of plants, which had been found in the Talchirs and 
Damudas of India, also occurred. 

It was very unexpected, and so much the more interesting, that among the 
few fossils collected in the boulder-beds of the Salt-range there should again be 
species identical with Australian forms though they were not plant-remains : 
Conularia levigata and Con. tenwistriata. 

In Australia the plant-remains occur in a series of beds with coal seams, 
in the lowest division of which they are found, together with the marine species 
mentioned above as occurring in the boulder-beds of the Salt-range. 

Thus we have again arrived at three facts of great importance: The Talchir- 
Kaharbari beds contain a flora identical with, or very nearly related to, a flora 
occurring in certain beds of Australia together with marine fossils, and at the 
same time they contain boulder-beds, formed under the influence of ice action ; 
2, the boulder-group of the Salt-range contains some remains of marine animals 
identical with species occurring in Australia, together with the above-mentioned 
flora; 3, the boulder-group of the Sait-range can be determined as of upper car- 
boniferous age, from its position below the Productus-limestone, and chiefly below 
the lower division of it containing Fusuline and Productus semtreticulatus Mart. 

From these facts the conclusion may be drawn that the boulder-beds of 
the Salt-range, and with them the speckled-sandstone of Wynne, are of the 
same geological age as the Talchirs of the Indian Peninsula, as both are related to 
the same beds in Australia, the one by its plants, the other by its marine remains. 
If this be the case, then also the Australian beds, which contain the same fossils 
as the Talchirs and the Salt-range boulder-group, cannot be more recent than 
upper carboniferous, or of the age of the upper coal-measures. 

From these two conclusions several others follow. 

If we have thus found the Talchir-Kaharbéri beds to be of the age of the 
coal-measures, then the other divisions of the Gondwana system can ulso approxi- 
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mately be judged. The Damudas will then probably prove to be homotaxically 
equivalent to the permian of Europe; the Panchet and Rajmahal to the trias 
(the Kota-Maleri beds must still remain somewhat doubtful); and the J abalpur 
and Cutch beds to the jurassic in general, The mesozoic affinities of the plants 
contained in the lower groups can no longer be an obstacle to such an interpre- 
tation, as the geological position of the equivalent beds in the Salt-range is 
too clear to allow of any other view to be taken. Thus the opinion, so assi- 
duously entertained and defended by Mr. W. T. Blanford, that the exact age of 
the beds could not be judged with safety from the plant-remains alone, has 
been gloriously confirmed by the facts now brought forward from Dr. Warth’s 
most important discovery. 

If we turn now to Australia, a number of other facts can be ascortained thore 
which are not of less interest. Of the Australian beds that can be compared 
to different members of the Gondwana system of India, it is chiofly the ‘“ Lower 
coal-measures with marine layers interstratified ’’ which must be placed homo- 
taxically on the same level as the Talchir-Kaharbari beds of the Indian Poninsula, 
or the boulder-group of North-Western India. In these beds in Australia traces 
of ice action have not yet been observed. The Newcastle beds which follow 
next above can perhaps not be separated from the preceding, but the Llawkes- 
bury beds and Bacchus Marsh sandstones must certainly be placed on a level 
with the permians of Europe. It is only on this horizon that traces of ice 
action have been observed in Australia; and from this it appears that the glacial 
action took place at a later date in Australia than in India. The entire Australian 
series rests on beds that are decidedly lower carboniferous, and this is one proof 
more that the beds following above are of the age of the coal-measures, 

Another country where equivalents of the Gondwana system scem to be 
present is South Africa. It is now long since the different divisions of the 
Karoo formation, as it is called in Africa, were compared to the different 
divisions of the Gondwana system and of the coal-measures of Australia; and we 
find again a very clear and impartial exposition of the facts relating to this 
question in Mr. Blanford’s presidential address to the Geological section of the 
British Association for the Advancement of Science, at Montreal. In South Africa 
the Karoo formation rests partly on carboniferous, partly on Devonian, and 
at last also on gneissic rock. The lowest division of the formation is the Ecca 
group which contains a great boulder conglomerate, that has unmistakably been 
formed under the influence of ice action. These Ecea beds rest conformably 
on lower carboniferous beds containing coal-plants. The overlying beds are 
however said to be unconformable to the Ecca beds. There is then evidently some- 
thing absent in South Africa, but it is not possible to say what extent the missing 
strata may have had. Perhaps the permian is absent, and the Beaufort beds 
trias»ic, or else only the upper part of the coal-measures may be absent, and then 
the Beaufort beds may be permian. As our knowl. dge now stands, it is impossible 
to say which of the two interpretations may be the right one. For us at present 
it is quite sufficient to state that, with all possible probability the Ecca con- 
glomerates can be considered as the equivalents of the Talchir boulder-beds and of 
the Salt-range boulder-groups, and are thus of the age of the coal-measures, 

cl 
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The partial identity of the fossil plants found in Australia, in India, and in 
South Africa has long since led to the idea that in former geological periods 
a land connection must have existed between those three countries, and thus 
a by-gone Austro-Indo- African continent has been constructed, stretching through 
the greater part of the southern hemisphere and nearly equal in extent to the 
Asiatic European continent of the present period. But it has up to the present 
been impossible to indicate the exact time of existence of this continent, as the 
evidence drawn from the plant-remains, was absolutely in contradictién to the 
one drawn from the marine animals. 

Now after all that has been said in the foregoing pages it cannot be doubted 
any longer that the time of existence of this large southern continent dates at least 
as far back as the carboniferous period. The northern shores’of this continent 
stretched through India and have been partly preserved in the Salt-range, as well 
as in Afghanistan, where the Talchir boulder-beds have been stated to extend 
over large districts, resting on marine lower carboniferous beds. This continent 
had evidently a well-developed river system, and at the Salt-range there was 
probably the mouth of a great river. Down these rivers large masses of ice 
floated while in other parts of the world the coal-measures were being formed ; 
and these ice musses drifted along the shore and, as they melted away, deposited 
large boulders, gravel and fine silt at different places. 

Under such circumstances, apparently, marine animals could not well live 
on this shore, and it must be considered as very fortunate that some such have 
been found by Dr. Warth. In Australia the case was different. No ice was there 
formed during these times, and thus there lived a rich marine fauna there. As it 
occurs in strata intercalated between plant-beds, it is probably an estuarine fauna. 

Of this whole extensive continent there exist in the present period only small 
fragironts. It has been broken up by degrees during triassic and jurassic times, 
as has been shown by me already in a former paper (supra, Vol. X, p. 98), The 
rocks of which this continent consisted can however be well studied from the 
erratic blocks which have been brought by the rivers to the shores, so that a 
large stretch of former land which is now covered by the depths of the Indian 
ocean may entirely be reconstructed. 

The enormous development of boulder-beds that have been formed under the 
influence of ice action on this ancient southern continent makes the supposition 
of very low temperatures during those times on that continent an absolute 
necessity. These low temperatures were not of a local occurrence only, but 
spread over the whole continent, thus indicating a true glacial period,—a glacial 
period, however, that was in the beginning restricted to the Southern Hemisphere 
and only later on spread also to the Northern one. 

In the earlier times of the carboniferous period a rather high mean temper- 
ature must have prevailed on the southern continent, as luxuriant forests of car- 
boniferous plants were thriving there, of which the remains have been preserved to 
us in Australia as well as in South Africa. All of asudden a considerable lowering 
of the temperature took place, ice began to be formed in South Africa and in India, 
and all the carboniferous flora was destroyed in these countries as well as in 
Australia by this low temperature. In the meantime in Australia a new flora 
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began to appear,—a flora that was suited to support moderate or low temperatures. 
Notwithstanding the ice that covered part of the southern continent, the flora 
spread slowly westward from Australia, during upper carboniferous and permian 
times, to reach Indian and South African regions. This flora was composed 
entirely of what we call ‘‘mesozoic” types, and therefore the heds in which it 
occurs were generally considered as mesozoic. 

During the time when this went on in the Southern Hemisphere, there were 
the coal-measures deposited in the Northern one, and forests of the greatest 
luxuriance, composed of carboniferous plants, were thriving there under the 
influences of a still warm climate. 

This warm climate wus also not entirely without effect on the Southern 
Hemisphere. In the beginning of the coal-measures period the marine life along 
the shores of the southern continent was very poor, as has been stated above. 
Later on, however, towards the close of that period, the marine animals were no 
longer much affected by the cold that prevailed on the continent. There were 
currents of warm water coming from the cast, bringing with them a number of 
American carboniferous animals, which settled in Chinese and Indian areas. 
(See Kayser: Fauna von Lo-Ping; and Waagen: Salt-range Fossils.) 

This state of things continued for a certain time, until in the permian period 
again a change took place. Now the cold had spread to the Northern Hemisphere 
(there are traces of ice action in this period in England), and the result was 
the extinction of the carboniferous flora also in Europe and elsewhcre in the 
north. Now only was the flora of the moderate climate, which we are wont to 
call a mesozoic flora, in a position to spread also over Europe, &c. ; and this flora 
prevailed during the whole mesozoic era. 

In the Northern Hemisphere there were no currents of warm water to come thus 
from anywhere, as the Southern Hemisphere was no longer so very warm, and the 
marine animals could not withstand the low temperatures to which they were ex- 
posed, and the palsozoic fauna perished almost entirely, only few genera escaping. 

But also to the Southern Hemisphere the intense cold returned during permian 
times and after. In Australia we have seen that in the Hawkesbury beds and 
Bacchus March sandstone, which are probably of permian age, glacial boulder- 
beds occur. The flora could well endure these low temperatures and did not 
materially change again, but the marine animals badly felt the changed conii- 
tions. Currents of cold water reached the Salt-range towards the end of the 
permian period. These came from the north and brought with them types of 
Siberian Cephalopods, thus giving rise to the formation of the Salt-range Ceratite 
beds; but at the same time they extinguished the life of the rich permian fauna of 
the Salt-range, the last remnant of the once so rich and beautiful palesozoic fauna, 

In this way we come to ascertain two facts, which were not expressed so clearly 
up tothe present. The palewozoic fauna and flora was that of warm climates. The 
organisms composing these were not able to endure great changes in temper. 
ature. As then, towards the termination of the palwozoic times, first in the 
Southern and later on in the Northern Hemisphere also the general temperature 
was considerably lowered,—a circumstance which is proved beyond doubt by the 
frequent occurrence of ice-formed boulder-beds, the whole fauna and flora 
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necessarily perished. It was afterwards replaced by a more hardy set of 
organisms, which however only by degrees occupied the place previously taken 
up by the paleozoic forms. This is chiefly applicable to the land organisms. 

We have seen that the paleozoic flora was in the Southern Hemisphere 
already destroyed towards the middle of the carboniferous period, and was 
replaced there by forms, such as Ooniferw, Cycadew, Ferns, and Haquwisetacee, 
which have been generally considered as typical of the mesozoic floras. This 
occurrence of these so-called mesozoic types in such ancient strata shows partly 
that the plants alone, without stratigraphical evidence and the corroborative 
evidence of marine animals, are not well adapted for a definite determination of 
the geological age of the beds in which they occur, and this chiefly for the 
reason, that the plants are greatly dependent upon the climate, and the climatic 
conditions of remote periods are not sufficiently known to us. The case may be 
similar with land animals, but of these we know still far less than of the plants 
in the more remote periods of the earth’s history. 

Another point that is demonstrated by the occurrence of mesozoic plant types 
in the carboniferous beds of Australia is, that by this occurrence it is clearly 
shown that the whole mesozoic land-flora is of an Australian origin, and spread to 
Europe only in mesozoic times, after place had been made for it by the destruction 
of the paleozoic flora during the permian period, and after the climatic character 
of Europe had become favourable for it. 

In concluding these remarks I wish to draw the attention of the reader once 
more to the one cardinal point, that it is demonstrated beyond doubt that 
towards the end of the paleozoic times a great glacial period occurred, similar in 
extent and more grave in its effects than the one that took place at the end of the 
tertiary era, and that thus the earth has passed already through two severe periods 
of cold. 

It has been made possible to ascertain all this by the assiduous investi- 
gations of my old friend Dr. H. Warth, who has thus made one of the most 
important discoveries that ever could be made in the Salt-range. 


EXPLANATION OF THE PLATE. 


Fig. 1.—Conularia levigata, Morris: la, 6, views from different sides, natural 
size; 1c, transverse section of the shell; 1d, e, different parts of the 
surface, enlarged. 

Fig. 2.—Conularia cf. irregularis, Koninck: part of the surface, enlarged. 

Fig. 3.—Conularia tenuistriata, M‘Coy: 3a, lateral view, natural size; 3b, part 
of the surface, enlarged; 3c, transverse section of the shell. 

Figs. 4, 5.—Serpulites warthi, Waagen, n. sp.: views from above and from the 
side, both natural size. 

Fig. 6.—Nucula sp. indet.: 6a, natural size ; 68, c, enlarged. 

Fig. 7.—Atomodesma (?) warthi, Waagen, n. sp. : partial internal cast, natural size. 

Fig. 8.—Aviculopecten cf. limseformis, Morris : fragment of the shell, natural size. 

Fig. 9.—Disciua sp. indet.: fragmente of both valves, natural size, 
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Memorandum on the Correlation of the Indian and Australian coal-bearing beds, 
by R. D. OLtpHam, A.R.S.M., Deputy Superintendent Geological Survey of India. 


“In the spring of 1885 I was deputed, in extension of privilege leave, to visit 
and examine the coal-measures of New South Wales and Victoria, with a view to 
elucidating, if possible, the vexed question of their relations to our Indian coal- 
measures. Accordingly I reached Melbourne on the 11th August and went on 
to Sydney, whence I proceeded to Newcastle to examine what I may call a classical 
section in Australian geology. 

I had intended, besides, to examine in detail the section in the southern conal- 
fields and in the Blue Mountains as well as the beds of Bacchus Marsh in Victoria ; 
but a relapse of malarious fever, originally contracted in India, interfered consi- 
derably with my movements, and I was compelled to sail from Melbourne on the 
2nd September, having only been able tv examine the rection west of Newcastle 
and pay a flying visit to the Blue Mountains. With respect to the other localities 
mentioned above, I had to be content with such inform vtion as could be obtained 
from published reports, and in conversation with those who had examined the 
ground. Iam consequently unable to give the connected account of the Austra- 
lian coal-bearing series I should have wished to ; but as regards the question of tho 
relative age of our Indian coal-measures and those of New South Wales this is of 
little importance, seeing that the Australian geologists have not yet been able to 
connect the beds as exposed in the different coal-fields with each other, and with 
the typical section west of Newcastle to which they must all be ultimately re. 
ferred. Such observations as I was able to make will be embodied in the follow. 
ing note. ; 

Though it has practically no bearing on the question, it may not be out of 
place to note the resemblance in lithological characters between certain members 
of the Australian carbonaceous series and of the Gondwana series in India; thus, 
at Newcastle may be seen beds of coarse-grained soft whitish sandstone containing 
a considerable proportion of decomposed felspar and very like some of the Barakar 
sandstones ; again, the boulder beds below the coal-measures are often identical 
with the similar boulder beds of the Talchirs in everything but the presence of 
marine fossils ; but I attach no value to these lithological resemblances except in 
the latter case, and then only in so far as they indicate a condition of deposit 
which, considering the latitudes they are found in and the nature of the beds they 
are intercalated with, must have been of an exceptional and transient nature. 

The relative ages of the Indian and Australian coal-measures have long been 
a question of great interest to geologists, and in spite of the 
amount that has been written on the subject and the 
ability of the writers there is probably no geological question more involved 
in doubt and difficulty. 

The points in dispute are four—lst, the age of the members of the Indian 
coal-bearing formation, or Gondwana series, as compared with the coal-bearing 
Series in Australia, and more especially of the coal-measures in either country ; 
2nd, the ages of the members of the Gondwana series as compared with the mem- 
bers of the geological sequence in Europe; 3rd, those of the Australian beds 
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compared with the same sequence; and 4th, the relative ages of beds exposed in 
different parts of Australia.! 

When first the plant fossils of the coal-measures of India (Damudas) and of 
Australia (Newcastle beds) became at all known, a similarity between the two 
floras was noticed which naturally led to their being considered as of contem- 
poraneous origin. In both Glossopteris was abundant, and the species G. browniana 
(as well as other species then supposed to be identical) was found in both; both 
contained a species of Vertebraria, another of Phyllotheca, which were believed to 
be identical, and are certainly closely allied to each other, while the former genus 
was till recently unkown from any other formation but the two in question. 

The contemporaneity of the Indian and Australian coal-measures being taken 
for granted, the second and third of the points in dispute 
became connected with each other. In Australia two 
schools arose,—one, headed by the late Rev. W. B. Clarke and those who had 
examined the beds in the field, reasoning from the close connection of the New- 
castle coal-measures with beds containing a marine fauna closely allied to that of 
the carboniferous beds of Europe, argued that the Newcastle beds were of carbon- 
iferous or at any rate late paleozoic age; the other, headed by Professor McCoy 
and others who had never seen the beds in situ, reasoned on what they declared to 
be the characteristically mesozoic facies of the flora, and on this ground alone, not 
satisfied with declaring that the beds must be of jurassic age, impugned the accu- 
racy of some of the Rev. W. B. Clarke’s statements. In accordance with this 
divergence of opinion regarding the Australian beds there was a corresponding 
difference as to the age of our Indian coal-measures ; some of the most prominent 
of the Europe paleophytologists looked upon them as of mesozoic age, while the 
members of the Indian Geological Survey who had examined the same beds in the 
field regarded them as of late palwozoic age on the ground of the resemblance of 
their flora to that of the Australian coal-measures, accepting with regard to 
these last the opinion of those who had examined them in the field. But as 
regards the beds above the coal-measures, and so intimately associated with them 
that they could not be looked upon otherwise than as subordinate members of 
one great series embracing the coal-measures also, it was acknowledged in both 
countries and by both parties that they should be regarded as of mesozoic age. 

Such was the state of opinion on these questions when Dr. Feistmantel ex- 
amined the floras of the sub-divisions of the Gondwana series and not only classed 
them all as of mesozoic age, but even attempted to correlate them to particular 
horizons of that period ; and moreover after a detailed examination of the flora of 
the Australian coal-measures declared that it was not nearly so closely related to 
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2The Australian series as exposed in the districts between Sydney and Newcastle and the 

country west of that place is divided by Australian geologists as follows. The nomunclature of the 
subdivisions, especially in the lower part of the sernes, is not fixed, but the terms given below will 
be used in this paper. For the series as a whole I shull use the term Carbonaceous, suggested by 
Prof. McCoy. 

1, Wiannmatta shales. 

2. Hawkeabury sandstones, 

3. Newcastle beds,—or upper coal-mensures, 

4. Upper marine beds with carboniferous fauna. 

5. Stony Creek beds,—or lower coal-measures. 

6 Lower marine beds with carboniferous fauna. 
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that of the Indian beds as had been supposed, and that it could conseqnently not 
be appealed to as proving the paleozoic age of the Damudas in India. 
But in Australia the dispute was not confined to the conclusion to be drawn 
from acknowledged facts, but, strange as it may seem, the 
<< COneiee a to facts of very fundamental facts of the superposition of the beds 
perposition in Austra- : 
lia. was disputed. At the base of the sandstones and shales 
containing seams of coal and known as the Newcastle beds 
there is a great thickness of beds from which a marine fauna, closcly related to 
that of the carboniferous period in Europe, has been obtained.! These marine 
beds are divided into an upper and a lower sub-division by a band of sandstones 
and fine conglomerates containing some seams of coal, and as these beds yielded 
species of Glossopteris and other similar forms which were declared to be 
characteristically mesozoic, it was assumed that the superposition of these beds 
by others containing a paleozoic fauna must be only apparent and in reality 
due to inversion or faulting. 

Such a conclusion however could not be allowed by any one who had seen 
the ground where these beds are exposed. The section is 
fortunately easily accessible by the Great Northern Railway 
starting from Newcastle and the beds are well exposed in the frequent cuttings. 
There are two exposures of these lower coal-measures on opposite sides of an 
anticlinal, one at Stony Creek, 2 miles west of Branxton, and the other at Greta, 
10 miles further west. At both places the dip is moderate and steady, to east- 
south-east at Stony Creek, to west north-west at Greta; at both places the 
section is practically continuous, and the marine beds may be traced dipping 
under the coal seams and a short way above them again reappearing. The re- 
appearance of the seam on the opposite side of the anticlinal, and the absence of 
any duplication of the seam are conclusive against any theory that the appearances 
are due to inversion or strike fualts, while if further proof were necessary it 
would be found in the fact that both at Stony Creek and Greta shafts have been 
sunk through the marine beds into the coal, and at the former place through it 
into more marine beds,? thus clearly showing that the coal measures are inter- 
bedded with the marine beds. 

It is unfortunate for our present purpose that none of the sub-divisions of 

the Gondwana series in India can be definitely and directly 
_No Gondwana horizon correlated with any of those of the carbonaceous series as 
ae tae bene exhibited in the Newcastle section where their relative 
position is clear and free from doubt. But in Victoria 
there are some beds containing Gungamopteris, known as the Bacchus Marsh 
beds, which seem to be the equivalents of the Talchirs. 
The flora of these Bacchus Marsh beds is poor, consisting, 
so far as is known, of only three species of Gangumopteris ; 
1 According to De Koninck (quoted in Rev. W. B. Clarke’s “ Remarks on the sedimentary 
formations of New South Wales,” 4th Edition, Sydney, 1878, Appendix XVI “C,” pp. 144-148) ont 
of 249 specie: known, 8) are found in the carboniferous beds of Europe. 
For a fuller account of the stratigraphy of these beds, and the history of this dispute, see 
Rev. W. B. Clarke’s “ Remarks on the sedimentary formation of New South Wales,” 4th Edition, 


Sydu y, 1878. 
2 T am indebted to Mr. C. S. Wilkinson for this information. 
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but, as Dr. Feistmantel has shown, of these three species one is identical with, 
another closely allied to, species found in the Talchir beds 
of India. 
But their paleontology is not the only connection between the two, for, like 
the Talchirs, the Bacchus Marsh beds contain abundant 
and ie yei*! tesem- evidence of the action of floating ice. According to the 
late Sir R. Daintree, there are “strata, mainly composed 
of fine mud, dotted throughout with various sized, generally rounded, pebbles, 
and those pebbles mostly unknown in the vicinity, and some not yet seen in place 
so far as the Geological Survey has extended a minute examination ;”? further on 
he says that “ blocks of granite,” in some instances over a ton in weight, are found 
embedded in a matrix of soft mud;”* and in the last progress report by the Secre- 
tary for Mines in Victoria, Mr. Murray states, on the authority of the late Sir 
R. Daintree, that some of these granite boulders resemble no grauite that occurs 
as a rock-mass nearer than Queensland.® 

It is impossible to account for the formation of such beds as these except 

_. by the agency of floating ice in large masses, and as both 
Pea of glacial the Talchirs and the Bacchus Marsh beds show that when 

they were deposited the climate was much more severe 
than that now prevalent, we my take this as indicating that during their deposi- 
tion there was a widespread glacial epoch corresponding to that which is known 
to have occurred in post-tertiary times. This consideration, whatever weight 
might be attached to itif stood by itself, may certainly be said to corroborate the 
fossil evidence, and we may consequently take it as certain that the Talchir and 
Bacchus Marsh beds are the representatives of each other.* 

Tam not aware that any attempted correlation of these beds with a definite 
horizon in New South Wales was published before Dr. Feistmantel in 1880 gave 
it as his opinion that they were the equivalents of the Hawkesbury sand- 
stones. This opinion, so far as I can glean from his published writings, was 
based on the so-called lower mesozoic facies of the Bacchus Marsh flora, and 
was supposed to be confirmed by Mr. C. S. Wilkinson’s discovery of what he 

Correlated with believed to be evidence of glacial action in the Hawkes. 
Hawkesbury beds by Dr. Jury sandstones. Mr. Wilkinson thus describes this evi- 
Feistmantel. - dence—“ In the sections exposed in the quariies at Fort 

er ‘ _  Macquarrie, Woolloomooloo, Flagstaff hill and other 
acial action IM JJaces) may be seen angular boulders of shale® of all 
Beykeney Beane sizos os to 20 feet in ee fae embedded in the sandstone 
in a most confused manner, some of them standing on end as regards their strati- 
fication, and others inclined at all angles. They contain the same fossil plants 
that are found in the beds of shale from which they have evidently been derived. 
These angular boulders occur nearly always immediately above the shale-beds, 


Palzontological 


2 Geological Survey. Report on the Geology of the District of Ballan by Richard Daintree, 
Melbourne, 1864, p. 10. 
® Ibid, p. 10 
3 Geological Survey. Progress report by the Secretary for Mines, Melbourne, 1881, p. 80. 
4 See Feistmantel, Rec. G. S. 1. XILL. 257 (1880). ; 
' & Which is interbedded with the sandstones. 
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and are mixed with very rounded pebbles of quartz; they are sometimes slightly 
curved as though they had been bent while in a semiplastic condition, and the 
shale-beds occasionally terminate abruptly as though broken off.” ! 

Although itis difficult, if not impossible, to account for these appearances, 
except by the action of ice in some form or other, yet it is 
evident that they are by no means comparable with tho 
proofs of glacial action exhibited by the Bacchus Marsh 
beds. The angular form of the fragments of shale shows that in some manner 
or other they must have been indurated before disturbance, and it is impossible to 
account for this induration of what must then have been recently deposited mud 
except by the freezing of the interstitial water. This supposition would accord 
with the general nature of the evidence, which indicates the action of ground-ice 
such as is formed during the severe winters of North America rather than the 
presence of large masses of floating ice; and hence does not necessarily indicate 
so severe a climate as that afforded by the Bacchus Marsh beds of Victoria. 

But there are in New South Wales conglomeratic beds which are strictly 

comparable with those of Bacchus Marsh; these are the 

Glacial actionin lower marine beds with carboniferous fauna, Nos. 4 and 6 of 
carboniferous marine 

beds of New South Wales. tle scheme on page 40 (note). I am not aware of any pre- 

vious published notice of the evidence of glacial action 

they afford, but as long ago as 1861, the lithological resemblance between beds of 

presumably the same age in the Wollongong district and the boulder-beds of the 

Talchirs was noticed by the late Dr. T. Oldham,? and when looking up the 


Not compnrable with 
that of Bacchus Marsh. 


1 Notes on the occurrence of remarkable boulders in the Hawkesbury rocks by C. S Wilkin- 
son, F.L.S., GS, Govt. Geologist. Trans. Roy. Soc N.S, W., Vol. XIII, page 105 (1884). 

2 Mem. G. S. I, III, p. 209 (1863). As the volume is out of print and difficult to procure, I 
reprint the passage referred to, as it is of interest in the present juncture. 

Speaking of a collection of specimens of Australian rocks procured and sent by Sir William 
Denison, he says,— 

« And still further, many of the lower beds of the Australian group, there so abundantly rich 
in marine fossils, are very similar to many of the beds in the Indian Telchir serics. There is the 
same mixture of pebbles, and large rolled masses in a matrix of fine silt; and much of this silt is of 
exactly the same peculiar bluish-green tint, so characteristic of these beds in this country, aud 
which, once seen, can never be mistaken. 

*‘ I would not be misunderstood as desiring to give any great weight to a similarity in mineral 
texture or lithological aspect, in attempting to ascertain the true position of these rocks. But I am 
satiefied that this identity has a value, and by no means a light value, when, tuken in connexion 
with every other point of evidence which is available, it is found in «ll cases tending to turn the 
balance in the same direction., And, basing my views on these considerations, I ventured to hold 
out a prospect in anticipation that future researches would enable a more accurate and detailed 
parallelism to be established between the rocks in both these countiies, portions of which were 
now known to be synchronous, and that, while in all probability it would be found that starting 
from the common datum line of the coul-bearing rocks in either land, the sequence upwards would 
be established from Indian researches in this country, apparently supplying links wanting in 
Australia ; on the other hand we should be enabled to suppleinent the evidences of the succession 
downwards (which is deficient in India) by 1 reference to Australian groups. As yet we have not 
been able to trace the existence of any marine deposits in this country of the same age as the 
‘ Wollongong’ sandstones of Australia, but there is nothing whatever in the few plants which 
occur in our Talchir beds which would militate against their being of the same generalage (which 


I am disposed to think they are).”’ 
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literature of this controversy I was much struck by the passage. That any special 
stress should have been laid on the resemblance was not to be expected, for when 
the words were written the glacial origin of the Talchir boulder-bed had not been 
universally acknowledged , the very idea of a glacial epoch was still strange, and 
no one had yet dreamed of a paleozoic glacial epoch, still less of using such a 
conception in the correlation of distant deposits. But when I found that in Mr. 
W. T. Blanford’s reply to I)r. Feistmantel! no notice was taken of this resem- 
blance, although Mr. H. F. Blanford’s suggestion, that the glacial beds of the 
Permian in England and the Talchirs in India were contemporaneous is quoted, 
I concluded that private information of later date had led to a modification of 
the views expressed as to the lithological resemblance of the beds. 

Nevertheless I determined to pay special attention to this point, and was not 
surprised on visiting the section west of Newcastle, to find that the marine beds 
showed abundunt traces of glacial action. Blocks of slate, quartzite and crys- 
talline rocks, for the most part sub-angular, are found scattered through a 
matrix of fine sand or shale, and these latter beds contain delicate Fenestelle and 
bivalve shells with the valves still united, showing that they had lived, died and 
been tranquilly preserved where they are now found, and proving, as conclusively 
as the matrix in which they are preserved, that they could never have been 
exposed to any current of sufficient force and rapidity to transport the blocks of 
stone now found lying side by side with them. These included fragments of 
rock are of all sizes, from a few inches to several feet in diameter, the largest I 
saw being about 4 feet across in every direction as exposed in the cutting, and of 
unknown size in the third dimension ; but I was informed by Mr. Wilkinson that 
in these same beds he has seen boulders of slate, &c., whose dimensions may be 
measured in yards. 

It is impossible to account for these features except by the action of ice float- 
ing in large masses,* and I had the good fortune to discover, in the Railway 
cutting near Branxton, a fragment beautifully smoothed and striated in the 
manner characteristic of glacier action, besides at least two others which showed 
the same feature, though obscurely. This seems to show that the ice was of the 
nature of icebergs broken off from a glacier which descended to the sea-level. 

Beds of similar structure and indicating a similar mode of origin are also 

found at Wollongong, south of Sydney, and in the Blue 
Glacial evidence’ st Mountains. Though these have not been traced into 
ani: = °  eonnection with the marine beds west of N ewcastle, the 
similarity of their position, fauna, and physical aspect, all 

leave little room for doubt that they are of the same age. 

In Queensland beds of similar aspect have been described by Mr. R. L. Jack. 

These beds—also of marine origin, and indicating the 
ai aaa presence of ice floating in the sea by which they were 


1 Ree. G. S.1, XI, page 148 (1878). 
2 Roughly speaking, it may be said to take 16 cubic feet of fresh-water ice floating in sea 


water to float a cubic foot of granite, or 14 cubic yards to float 1 ton. It must be remembered 
that many of these fragments probably came from a distance, and that the ice was melting all 
ghe while. These figures must be reduced by two fifths if the rook is supposed to be immersed. 
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deposited 1—contain 22 species of fossils, so far as the fauna is known, and of 
these 15 are common to the New South Wales marine carboniferous beds, the 
other 7 not having as yet been found to the southwards. 

From what has been said it will be seen that over the greater part of Eastern 
Australia beds are found which, by their included fossils, 
are shown to be homotaxially equivalent, and which agree 
in indicating that during their deposition the seas under which they were formed 
bore on their surface masses of floating ice such as are now only seen in much 
higher latitudes than are occupied by any part of Australia. It would seem, 
then, that towards the close of the palewozoic era there was a widespread glacial 
epoch whose effects were felt over the whole of what is now Eastern Australia, 

and, if we allow this form of argument at all, it is to this 
on Which the Bacchus period that we must refer the Bacchus Marsh beds rather 
arsh beds should he , 
referred. than to that of the Hawkesbury sandstones which do not 
indicate so severe a climate. 

The paleontology unfortunately does not help us to a definite conclusion. 
Gangamopteris, the only genus known from the Bacchus 
Marsh beds, has not so far been found either in the lower 
coal-measures of New South Wales, or in the Hawkesbury 
sandstones, but from the Newcastle beds, intermediate between them, two species 
of Gungamopteris have been obtained? of which one is identical with, and the other 
allied to, Bacchus Marsh forms. 

The flora of the lower coal-measures comprises 7 species belonging to 4 genera ;8 
of these, 4 belong to the genus Giossopteris ; this latter is therefore, so far as the 
flora is at present known, the predominant genus, as is also the case in the New- 
castle beds; further, one species, G. browniana, is also found in the latter ;, and 
besices this, the genera Phyllotheca and Néggerathiopsis are common to the two 
floras, while Annularia is the only genus which has not, so far, been found in the 
Newcastle beds. 

The Hawkesbury beds have only yielded two species of plants; in both cases 
the genus is represented in the Newcastle flora, and in one case, Sphenopteris 
alata Bgt., the Newcastle form, is only separated as a variety by Dr. Ieist- 
mantel. But if we group the Hawkesbury and Wianamatta beds together, as 
Dr. Feistmantel has done, we have 8 species belonging to 7 genera, of which but 
1 species and 3 genera are common to the Newcastle flora. 

From the facts just detailed it will be seen that so far as there is any balance 


A “glacial epoch” 


Palzontological _ evi- 
dence, 


1 Report on the Bowen River Coalfield, by R. L. Jack, F. G. 8., Brisbane, 1879. 
2 G. angustifolia, McCoy, and G@. clurkeana, Fstm., the latter being represented by @. 
spathulata, McCoy, in the Bacchus Marsh beds. 
3 The flora of the lower coal-measures according to Dr. Feistmantel (Tr. Roy. Soo, N. 8, W., 
XIV, 103) 1880, is as follows :— 
Phyllotheca australis Bgt. 
Annularia austialis Fstm. 
Glossopteris browniana Bgt. 
Pr a5 v. precursor Fstm. 
G. elegans, Fstm., G. primeva, Fetm., G. clarkei, Fetm. 
No, gerathiopsis priscu, Fstm. 
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at all, the Newcastle flora issmore closely allied to that of the lower coal-measures 
than of the Hawkesbury beds. 

As regards the stratigraphical relations of the beds, the Newcastle coal-measures 
are, so far as is known, perfectly conformable to the lower 
marine beds. On the other hand, though no uncon- 
formity has been traced between the Newcastle and 
Hawkesbury beds, yet if the coal-measures in the Blue Mountains are the repre- 
sentatives of the former,—and the balance of probability is‘very much in favour 
of this supposition,—there must be an unconformity and overlap of the Hawkes- 
bury sandstones on the beds below them. 

Turning to Victoria, we find that besides the Bacchus Marsh beds the only 
other rocks which can be referred to any portion of the carbonaceous series in 
New South Wales, are what are known as the Tuniopteris beds which are 
shown by their included fossils to be homotaxial with the Wianamatta beds or 
those immediately above them. Owing to the large surface covered by lava 
flows in Victoria, the exact relation of the Tweniopteris and Gangamopteris beds is 
not known, the two not having been found in contact; but there can be no doubt 
that the latter are completely overlapped by the former, which are frequently 
found in immediate contact with the silurian slates. I was further informed that 
the difference in the degree of induration of the two was such as to indicate a con- 
siderable difference of age, so that it would be improbable that they could belong 
to two periods so close to each other as the Hawkesbury and Wianamatta periods. 

Seeing, then, that the paleontology and stratigraphy of the beds, so far from 

Contemporaneity of contradicting the conclusion derived from the evidence of 
Talchir and carbonifer- glacial conditions, are either neutral or support it, we may 
ous marine beds. conclude that the carboniferous marine beds of New South 
Wales are the most probable equivalents of the Bacchus Marsh beds of Victoria 
and hence of the Talchir beds of India. 

As acorrollary from the above conclusion, it would follow that the Damudas 

and Newcastle beds are far more nearly contemporaneous 

Pangea ae eres than Dr, Feistmantel will allow, and that the Gondwana 

: ' series as a whole ranges from towards the latter end of 

the palwozoic into the secondary era, representing in part the interval between 
those two eras of Kuropean geology. 

This was the opinion long held by the members of the Geological Survey of 
India, and was first seriously questioned by Dr. Feistmantel, who ascribed all the 
sub-divisions of the series to horizons in the mesozoic rocks of Europe, and also 
declared that the affinities between the Damuada and Newcastle floras were not 
such as to justify their being regarded as homotaxial. 

It will be necessary therefore to see what these affinities are, and whether the 
difference between the two floras is such as to invalidate the conclusion I have 
formulated above. 

To begin with, both floras are marked by the predominance of the genus 

Paleontological rela- Glossopteris, which, in the Newcastle flora, comprises 9 out 
tions of Damuda and of 26 species, or 35 per cent. of the total number of species, 
Newcastle beds. and 19 species out of 63, or 30 per cent. of the total number 


Stratigraphical _ evi- 
dence. 
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of species in the Damnuda flora; of these, one species, G. drowniana, is identical 
in both cases, and 3 Newcastle specics, G. linearis, G. ampla and G. paralicla, 
are represented by the allied Damuda species, G. angustifolia, G. communis and 
G. damudica. The genus Phyllotheca is represented in both floras, and the Austra- 
lian form is allied to, and was long considered identical with, the P. indica of the 
Damudas. Vertebraria is found iu both series, and is only known elsewhere from 
the “jurassic” beds of Siberia. Sphenopteris aluta Bgt. is another species repre- 
se nted in allied forms in the Damuda flora, and the species Ganyamopteris an jus- 
tifolia, McCoy, is common to the two floras. Besides these the gonus Négyer- 
athiopsts is represented in both floras, so that we have in all 6 genera and 
2 species common to the two floras, besides 5 species represented by allicd forms. 
On the other hand there are 3 genera out of a total of 9 not represented in the 
Damuda flora. 

It may be that the resemblances between the two floras are not sufficient to 
justify our placing them, even approximately, on the same horizon ; yet it cannot 
be said that the differences are such as to preclude the beds from which they were 
obtained from being regarded as, at any rate, approximately homotaxial with each 
other. I avoid the word contemporancous for, though I think that probably it 
might be used in connection with the Talchirs and Bacchus Marsh beds, | see 
no possibility of arriving at any conclusion as to whether the Damudas and New- 
castle beds were or were not contemporaneous ; in all probability the two periods 
overlapped somewhat, and the affinities between the Hawkesbury and Wiana- 
matta floras and that of the Damudas, as well as the internal evidence of that 
flora itself, would indicate that the latter was probably of somewhat later date 
than the Newcastle period. . 


In the foregoing pages I have not alluded, except incidentally, to the position 
of either the Australian or the Indian coal-measures in the European sequence. 
This question is altogether too large and complicated for me to take up at present 
when debarred from access to any scientific library, and has besides been already 
so well threshed out that I could hardly gather any grain by going over the 
straw again, This same cause—want of access to books—has prevented me from 
giving as full references to previous literature as I should have wished to do; but 
1 have endeavored as far as possible to acknowledge my indebtedness to previous 
writers, and in conclusion I can but express my obligations to all those who 
assisted me in my enquiries during my visit to Australia, and in particular to 
Mr. C. S. Wilkinson, Government Geologist of New South Wales, and Mr. R. F. 
Murray, Government Geologist for Victoria, for the unreserved manner in which 
they placed all their information and experience at my disposal. 


Camp, AJMERE, 
2nd November 1885. 
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Afghan and Persian Field notes, by C. L. Gnizspacu, F.G.8., Deputy Superin- 
tendent, Geological Survey of India, on duty with the Afghan Boundary 
Commission. 


Introduction Since writing my last short report on the geology of the Herat 
province,’ I have been moving about the Herat valley and Eastern Khorassan, 
whenever I could obtain permission to do so from Her Majesty’s Commissioner. 

From Bala Murghab, where our Commission remained during the extreme 
cold weather of last winter, we moved about the middle of February last, 
marching vid Kila Matir and Chaman-i-Béd to Gulrdn. There General Sir 
Peter Lumsden, G.C B.. gave me permission to examine some of the ranges in 
Eastern Khorassan, and accordingly I spent some time in studying the rocks of 
the Bezd and the Estoi ranges, rejoining the Commission at Tirpil. “From there, 
I made a short trip to the Doshakh range, and afterwards went for some time 
to the hills north of Herat. Later on an opportunity occurred to visit the 
Davéndar range east of Herat, and the march of the Commission to Thagan 
Robat gave me an opportunity of revisiting the Turmust range. In August last 
Colonel Sir West Ridgeway, K.C.SI., gave me permission to go again to 
Eastern Khorassan, where I remained over two months, extending my excursions 
as far west as the turquoise mines of the Nishapur district. 

I have already given a short sketch of the geological structure of the Herat 
province as faras it has come under my own observation. I have a little to add 
to this and some to modify. In publishing these notes now, it must be clearly 
understood that many of the observations contained in them may hereafter have 
to be modifled when the material brought together will have been worked out 
and compared with collections from other parts of the world. 

The following formations are represented in the Herat valley and Khorassan :—~ 


Recent and aerial. Alluvial deposits, fans, blown sand. Igneous rocks. 


Post-TERTIARY “ Loess” beds, with mammalian bones, of Badyhis. 
Red and white cluys with sandstone and gypsum 
deposits. 
Conglomerate and sandstone : 
Plant shales } Tirpul beds. 


MIOCENE . Calcareous sandstone and clays, with Ostrea mulés- 
costata Desh. in Badghis and Khaf, 
Conglomerate und sandstone of Firaiman near 
Mashhad. 


EOCENE ,. Grey shaly limestone with Brachiopods. Rhyolites and  tra- 
Coral limestone with nummulites. chytes. 


Grey shales and limestone with nummulites., 


1 Rec. Geol. Surv. of India, Vol. XVIII, Purt I, page 57. 
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Recent aud aerial. Alluvial deposits, fans, blown sand. Igneous rocks. 
Coral limestone with Hippurites. Basaltic rocks. 
Creraczous Upper | Zaooromae cripst, Mant., zone. 
Lignt-coloured mals. 
Dark shales. Syenitic granite. 
Lower { Trigonia limestone. 


Red grit group; marine limestone with Brachio- Melaphyre and great 
pods; Paropamisus, Estoi range, &c. masses of felsite por- 


Jurassic and  gendstone with marine fossile and Gondwana phyry. 


6 rhatic plants, Gaukharchang pass, &c., &c. 

a Marine limestone, — Kelat-i-Nadri section. 

a . ( Conglomerates, Brachiopod limestone, sandstone, Melaphyre. 
< Trias and : : 

= ermian, . _&7een shales, thin leafy coal and plant-remains. 

; P * ( Kholi Biaz section, &c. Palezkar beds. 
CaRBONIFFROUS Massive dark limestone and sandstone with many 

fossils ; Davéndar range, &c., &c. 

OLDER PAL£OZOIO Limestone and calcareous sandstone; fossils; Trap. 


Dehrud pass. 


The hill ranges of the Herat province and Eastern Khorassan are all structural- 
ly connected, and form long and generally parallel lines of anticlinal folds, which 
nearly all show mach the same succession of beds. The intervening wide troughs 
of the valleys are filled by tertiary and later deposits. By far the largest share 
in the structure of these ranges belongs to the beds of the plant-bearing (permo- 
trias and jurassic formations) and to the cretaceous systems. The carboniferous 
and older paleozoic rocks I only met in a few sections, 

Paleozoic rocks, carboniferous and older paleozoie formations.—I found rocks 
belonging to these systems in the Davéndar and the Doshakh ranges in the Herat 
province, and in the Bizd and Binalut ranges of Khorassan. 

The most complete section of palssozoic rocks I have yet met with in Kho: gs. 
san, is the one between the villages of Dehrid and Gulist4n on each side of/the 
Dehrid pass, which crosses the Binalut range south-west of Mashhad,/ The 
structure of the range is that of an anticlinal fold, in some places showing inver- 
sion and much disturbance of the strata by crushing. Igneous rocks, too, obscure 
a great deal the actual succession. The carboniferous and older rocks are seen 
between the village of Dehréd (4,800') and the top of the pass (8,750’). 

Lower carboniferous or devonian, Dehrid pass.—The oldest rock in situ appeara 
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to be a calcareous sandstone of dark grey to purple colour, with an indurated 
limestone which contains some few fossils, amongst which a Productus and Orthis 
(?) seem the commonest forms. The beds dip to the north about 35° to 40°, and 
are conformably overlaid by Productus-limestone of the carboniferous system both 
on the north and south side of the pass, and the latter by hardened greenish-grey 
shales and interstratified trap (melaphyre), 

Binalut range.—I crossed afterwards the Binalut range further to the north- 
west, from Madan to Chinaran, but the route proved more or less useless to me, 
as it winds in and out of a wide depression in the range, along which nothing 
older than cretaceous rocks are exposed, 

Yaktan range.—In a line south-east of the Binalut range is a lofty chain of 
hills, which on our old maps is named the Yaktén range, a name which seems 
unknown in that part of Persia. The high peak at the south-east termination of 
the chain is called the Bezd hill. When I visited it in March, I crossed it twice, 
but it was still thickly covered with snow, and consequently I had to keep near 
the lower slopes and the passes, where little of the rocks in situ is found. I was 
however able to make out the structure of the range, which is similar to the Bina- 
lut range, inasmuch as it is formed of a high anticlinal fold of carboniferous rocks, 
flanked by the permo-triassic plant-bearing series, The carboniferous rocks con- 
sist of solid grey (mostly very dark) limestones in beds of one to two feet thick 
containing many characteristic carboniferous fossils, corals and Brachiopods. 
Iron pyrites and small nests of antimony are found in many places in the range ; 
the latter is extracted near Rawand and used by the natives. The plart-bearing 
series, consisting of green and grey shales with sandstone and conglomerate, ap- 
pears to rest quite conformable on the older rocks. 

Doshakh range.—Continuing the strike of the Yaktan range, one reaches the 
Doshakh peak, on whose north flank I found again carboniferous rocks. The 
Doshakh range assumes a more west-east to north-east strike, and is in a line 
with the Davéndar range east of Herat. The north flank of both ranges consist 
of carboniferous rocks overlaid by the plant-bearing series, and the whole appears 
to have formed an anticlinal fold, the southern half of which has subsided along a 
line of fault, which has now brought cretaceous limestones in close and abrupt 
contact with the paleozoic rocks. This feature is well seen at the north foot of 
the Doshakh peak itself and in the hills north of Pahri, where hippuritic imme- 
stone is faulted against carbonjferous limestone with Producti, &c. It will thus 
be seen that the structure of these four ranges is precisely the same, and that 
they must therefore be considered as belonging to the same system. The Doshakh, 
, Yaktén and Binalut ranges form part of the great Central Asian watershed, and 
it would have been of the highest importance to follow up the continuation of this 
lispe to the east into the ranges which form the upper Hari Rud valley; it is a 
ma of regret to me that I was not allowed to avail myself of the opportunity 
offeretd by the presence in this part of the world of a mission composed of British 
officers, to carry out my researches to a legitimate ond. 

The nninor ridges on the north side of the Doshakh range, including the 
Robat-i-Pa j peak, are composed mainly of a great thickness of carboniferous beds 
which have a t average dip to the north-west. 
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I ascended the stream which flows from the foot of the Doshakh peak more 
or less in a north-westerly direction and which irrigates a considerable extent of 
land near the village of Kashmard. I found in descending order :— 

4, Near Kashmaré hard reddish-grey sandstone, somewhat resembling the 
Chunar (Vindhyan) sandstones; regular flaggy beds, weathering dark-purple and 
black, and then resembling igneous rock from a distance, Dip 40° north-west. 

8. Grey splintery and hard shales with ferruginons partings and irregular beds 
of hard dark limestone. No fossils. Several hundred fect thickness, weathers 
greenish-grey with brown ferruginous spots. Jointed; dip 5U° north-west. 

2. Impure earthy limestone of dark colour, overlaid by hard grey calcareous 
sandstone in thick beds. Dip 70° north-west. The limestone contains many 
fossils, mostly Brachiopods, Athyris roissyi, Productus sp. &c. 

1. Near the Doshakh ziarat, Black or dark-grey very friable shales, alter- 
nating with ferruginous impure limestone breaking into jointed fragments; the 
limestone weathers a brown rusty colour. A few Brachiopod remains, badly pre- 
served. Dip 60° north-west-by-north. 

The beds of this series are here, near the foot of the Doshakh peak, faulted 
against the upper cretaceous limestone, which composes the peak itself. 

Along the line of fault, which is nearly from east to west, the Zinjatak valley 
and pass has been scooped out by denudation. Some igneous rocks (melaphyres) 
have protruded along the fault, and have greatly obscured the actual contact of 
the palsozoic with the cretaceous series. 

Chillinykhak pass.—The pass over which the road from Pahre to Zindijan 
leads, and which seems known as the Chillingkhak, exposes a similar section to 
the above. A few miles north of Pahre the cretaceous series abruptly ends, 
and the fault already noticed at the Doshakh brings the carboniferous rocks in 
close contact with the hippuritic limestone of the Pahre hills. The carboni- 
ferous system consists here of a great thickness (probably 2,000 feet) of hard 
dark-grey limestones, sandstones and splintery calcareous shales with many 
traces of Producti, Fenestella, &c. The beds dip to the north, at 30° to 40°, 
below the recent fan deposits of the Hari Rud valley. 

Robat-i-Pai, in the Doshakh range-—A ravine runs in a northerly direction 
through the spurs which jut out from the group of high peaks known as the 
Robat-i-Pai. At the head of the ravine is the ancient and celebrated shrine 
of the “Sacred feet.” I may here mention that the depressions on the waterworn 
sides of the ravine, which (with a little artificial help perhaps) resemble somewhat 
the shape of gigantic human foot-marks, are nothing else but water-worn hollows 
in the rock, of the same nature as are the well-known pot-holes. Some years ago 
a deadly strife originated when some devotees of Mashhad nearly succeeded 
in carrying off these sacred marks. Several had already been removed by care- 
fully under-cutting and chipping off of the block on which the marks existed, 
when the perpetrators of the deed were caught in the act,—and of course met 
their reward. The entire mass of the Robat-i-Pai peaks consists of thick even 
beds of hard dark-blue limestone with valcspar veins, with some hard grey sand- 
stone, both of which contain many carboniferous fossils. I recoguised amongst 
them Productus semireticulatus, Athyrts rotssyi, Fenestella, and other carboniferous 


pl 
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fossils. The beds dip 50° to 75° north, below the recent deposits of the Hari Rud 
valley. 

Davéndar range—The Davéndar range consists of the main ridge, rising 
to over 11,000 feet in height in one or two peaks, with outer parallel ridges, 
the whole forming an anticlinal arch, the lowest beds of which are found not 
in the main range but in the auxiliary range north of the Davéndar, running 
parallel with the latter, and in which the Sang-i-Ajal and Kholi Biaz are situated, 

I crossed this outer range between Jatizi and Naorozabad near the Kholi 
Biaz hill, and found the latter to consist of carboniferous strata, represented 
by hard, dark, splintery limestone, containing many Producti, Fenestelle, Crinoids, 
&c., characteristic of the carboniferoas limestone of the Himalaya. Not much 
of these beds is exposed; both flanks of the Kholi Biaz, with the Davéndar 
range to the south of it, consisting of younger strata, belonging to the plant- 
bearing series (permo-trias) which I shall describe below. 

Igneous rocks of the older palewozoic.—-Igneous rocks are found in the neigh- 
bourhood of all the carboniferous localities which I described, but they belong 
most probably to the upper jurassic epoch, during which enormous outpourings 
of melaphyre took place. Only in the carboniferous series of the Dehrid pass 
of the Binalut range have I found trap apparently interstratified with Productus- 
limestone. 

The permo-trias and jurassic formations.—Towards the close of the carboni- 
ferous period a change of physical conditions seems to have occurred in the entire 
Central Asian area. The beds which rest in all the sections of the Herat province 
and Khorassan upon the upper carboniferous rocks, consist of deposits such as are 
formed near a coast line and near the estuaries of great rivers, namely conglo- 
merates, sandstones and shales, which not only contain marine fossils but also 
plant-remains. In several sections which I examined I found great thicknesses of 
plant-bearing sandstones, probably deposited near or in the estuaries of rivers, 
alternating with irregular deposits of massive limestones containing many marine 
fossils. I believe therefore that the present watershed of the Binalut-Yaktan- 
Doshakh ranges, south of which I have not found any beds of this plant-bearing 
series, also marks more or less the old permo-trias coast line. 

From the observations of Blanford,+ Grewingk,* H. v. Abich,* and others, 
it appears certain that the same beds eccupy large areas in the Elburz range, 
and in the Armenian provinces of Asia Minor. From Mushketoff’s researches 
in Central Asia it also appears that the same group of strata are found over 
a large area in Russian Turkomania, near Tashkend, Samarkand, &c. 

I found beds belonging to the plant-bearing system on the flanks of the 
Binalut, the Yaktan, Doshakh and Davéndar ranges, and the Paropamisus, Estoi 
and Jam ranges are almost entirely made up of rocks belonging to the series. 
It would be of the highest importance to trace these littoral formations 
eastwards until a junction could be effected with the Himalayan marine beds of 
the same age. 

5 East Persia, Vol. II, by W. T. Blanford. London, 1876. 


2 Grewingk : die geogn. und orogr. Verhaltn. d. nord). Persiens, 1858. 
> Vergl.geogn. Gruudziige,&c. 
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The system is capable of being divided into the following groups :— 


Overlying Cretaceous beds. 








TITHONIAN . .| Light-eoloured sandstones and grits with plants; marine beds with 


fossils. 
UPPER JURASSIO. .| Red grit group. 





Marine limestone. 
Green sandstone with Goudwana plants. 


Limestone with Brachiopods. 


LOWER JURASSIC AND 
LIAS 





RHZETIC TRIAS AND PER- f Limestone with Brachiopods. 
MIAN : : Sandstones, conglomerates and green plant shules. 





Underlying Carboniferous limestone, 


1. The plant-bearing system in Afghanistan. 


In describing the carboniferous of the Davéndar I have mentioned that the 
auxiliary range north of and parallel to the Davéndar is partly composed (near 
the Kholi Biaz and Sang-i-Ajal) of carboniferous limestone. This is overlaid on 
each side by younger rocks, belonging to the plant-bearing series, and by great 
outbursts of igneous rocks (mostly melaphyres) belonging to the upper jurassic 
group. 

The section on the north slope of the pass between the Sang-i-Ajal and Kholi 
Biaz is in natural order and very clear. It is in descending order, 

14. Red grit group with igneous rocks. From about 4 to 5 miles south of 
Naorozabad, extending over the greater part of the valley of the Kurukh stream 
towards the north, red grits with purple and greenish conglomerate, volcanic 
breccia and tufa, and a dark trap rock are in situ, deeply eroded into ravines by 
the streams draining into the Kurukh river. The dip is variable, but on the south 
side of the valley is chiefly to the north and north-west. 

13. Sandstone and hard flinty limestone, alternating with red grit beds,—dip 
about 30°, west to north-west. 

12. Red sandstone and grit with grey sandstone, entirely composed of 
material derived from the older igneous rocks. 

11. Limestone breccia and conglomerate, with limestone beds (traces of 
fossils). The fragments of the breccia are chiefly made up of carboniferous rocks 
and trap. 

10. Great thickness of greenish-grey, very friable shales, with traces of 
plants. 

9. Soft sandstone bed, a few feet thick, of olive green colour, enclosing reed 
stems; with irregular thin-bedded shaly sandstone, containing Vertebraria (P) 

8. A thin coal-bed,—about 1 inch in thickness. 

7. Gritty sandstone with pebbles, chiefly of limestone. 
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6. Green shales interstratified with sandstone. 

5. Green sandy micaceous shales, with coaly particles and some plant impres- 
sions. 

4. Thin bed of greenish-grey fine grit, or coarse sandstone, weathers brown. 

3. Grit, with limestone fragments of the carboniferous group, containing 
fossils. 

2. Hard altered sandstone of felsitic character with shaly beds (phyllite), 
of considerable thickness, alternating with gritty beds. 

1. Hard dark-grey to black limestone in regular beds, containing in the upper 
strata numerous crinoidal stems and fragments; also many Brachiopod remains ; 
carboniferous (upper). 

The Sang-i-Ajal and Kholi Biaz hills are entirely made up of beds belonging 
to the carboniferous group, dipping about 65° north, on the north slope of the 
Kholi Biaz, and nearly vertical at the southern base of the pass leading over that 
range. The plant-bearing beds resting on the carboniferous group are quite con- 
formable to the latter, and the dip gradually lessens towards the centre of the 
Kurukh valley. 

The southern portion of the Davéndar section differs in some respects from 
the Kholi Biaz succession. Descending from Jauza Killah to the pass just de- 
scribed, I observed the following beds,—in descending order :— 

7. Igneous rocks (melaphyre) associated with the red grit group ; dip about 30 
to 40° south to south-west. The red grit group forms all the lower spurs which 
extend from the Jauza H. T. 8. towards the junction of the Kurukh and Herat 
rivers, and may be observed to form also the Jauza hill with the lower slopes of 
it. The dip is rather rolling, but in the main to the south-west. Thick red 
sandstone with grit and conglomerates, and a few thin beds of micaceous shales 
(red) are interstratified and laterally replaced by igneous rocks (melaphyre). 
Some of the most conspicuous points and nearly all the craggy hills in the ranges 
are composed of the trap. The Jauza hill (over 11,000 feet) is almost entirely 
made up of a dark angitic rock. 

6, Near the centre of the great anticlinal, or rather dome, of the Jauza section, 
I came upon an impure reddish-grey hard limestone, with brecciated beds. The 
limestone is in parts oolitic in structure ; I noticed a few traces of fossils (Brach- 
fopods) north of Jauza Killah, but could not get them out of the rock. The 
beds of limestone are apparently not very regular, though I always found them 
near, or immediately below, the red grit beds. North of Jauza village, in the 
stream which runs into the Kurukh river near the village of Kurukh, the hme- 
stone beds ate again seen just below the red grit series, and at that locality I 
found some well preserved Brachiopods, of a rhetic or liassic character. The bed 
is evidently of very varying thickness, for on the north slope of the Zurmust I 
met it in very considerable development, Immediately below it I met— 

5. Calcareous grit and breccia with green shales (phyllites) containing angu- 
lar fragments ef igneous rocks. 

4. Reddish and green shales with leafy impure limestone, traversed by innu- 
merable veins and joints filled with calcspar. 
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3. Greenish micaceous shales (phyllites) ; considerable thickness. 

2. Felsitic rock with imbedded trap. 

1. Limestone, conglomerate and grit. 

The lower beds of this section, from 1 to 6, comprise the greater part of the 
section seen on the north side of the Kholi Biaz hill, beds 3 to 11. This group 
of beds has probably been deposited near a shallow coast, and both the lower 
(permo-trias) andthe middle section (jurassic) of the serics attain a much greater 
thickness further north and north-west, and in Khorassan attain enormous 
thicknesses. 

The centre of the anticlinal which forms the Davéndar range is therefore not 
to be found in the main range, but north of it, and is marked by the Malima 
stream valley, where the older (carboniferous) rocks are exposed. 

The Kurukh valley, from near the point where the stream leaves the hills 
before entering the Herat valley, to many miles east of the Davéndar hills is 
formed chiefly by the red grit group. 

The Paropamisus range, bounding the valley on its north side, also forms an 
anticlinal, considerably disturbed by minor faults, and in some places the beds are 
so crushed as to leave great doubts concerning their relative position. Fortu- 
nately I was able to go over the Zurmust section a second time and thus satisfy 
myself about the correct interpretation of the structure of the range. 

The red grit group with its igneous rocks forms a great trough, in which the 
Kurukh stream has eroded a deep channel. On the left side of the valley the 
beds forming the group dip nearly north, whereas in the Zurmust range the red 
grit group and interbedded melaphyre dip at an angle of 65° to 70° to the south- 
east. 

The entrance to the Zurmust is occupied by a purple and red grit, which in 
places becomes quite a conglomerate, extremely hard, and seems to have been 
subjected to alteration near the contact with the trap, From that point to the 
height of the Zurmust pass there is an alternation of grits, red shales, volcanic 
tufa and melaphyre, with an amygdaloid rock. 

The igneous rocks assume much greater thickness towards the east, the upper 
Kurukh. 

Tithonian.—North of the Zurmust pass, and in the range over which the 
Kashka Kotal leads to Narati, the red grit group is seen to underlie a group com- 
posed of white sandstones and grits with plant-remains, and interstratified lime- 
stones containing macine fossils. 

I had no further opportunity this year of revisiting the Naratéi-Kilnat section 
which I have already described in my last notes. But from observations of 
rocks further west it appears certain to me that the Narati plant sandstones, 
overlying the red grit group, belong to the tithonian horizon and form a passage 
from the upper jurassic into the neocomian limestones and marls which are seen 
between Chakan and Kilanai, on the road to Bala Murghab. 

Marbich and Band-i-Baba.—The Paropamisus between the Zurmust pass and 
the Marbich shows nearly the same structure as I observed in the Zurmust 
section, but although the general feature of the range is that of a great anticlinal 
or anticlinals, it has undergone such great disturbances, and the beds composing 
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it are so much shattered, that the true succession of strata could hardly be made 
out anywhere between these points, if the neighbouring region had not afforded 
a key for its interpretation. 

Fault of the Paropamisus.—Between the Band-i-Baba and the Zurmust it 
may easily be seen that a line of fault runs east and west, south of the main 
range; and beds of the middle of the plant series (the red grit group) are thrown 
against and partly thrust over some of the white sandstones and grits of the 
uppermost group (tithonian), Near the Thagan Robat, north of the Zurmust 
pass, the fault has thrust the red grit group partly over the younger white 
sandstones (tithonian). 

Near the Marbich pass the fault crosses to the northside of the Paropamisus, 
crushes beds of the red grit group against upper cretaceous, and is lost further west 
below the tertiary deposits of Badghis. In the Estoi range, in Khorassan, the 
fault appears again plainly, and may be traced in a more or less north-westerly 
direction along the Kat-i-Shamshir hills. The hot spring of Garm-ab (115° F.), 
north of Tiraman, rises along this fault. 

The Band-t-Baba.—The main range, over which the Band-i-Baba pass leads 
from Kushk is composed of the uppermost group of the jurassic series, repre- 
sented by light-coloured sandstones and grits with intercalated limestone with 
marine fossils. The same beds areseen in the Kashka Kotal, north of the Thagan 
Robat, and at Narat&, and I believe represent as nearly as possible the tithonian 
stage of Europe. I found in descending order: 


1. Sandstone, dark grey, fine-grained, with numerous 
Ostrea remains and calcareous beds entirely com- 
posed of an Ostrea species. 

2. Sandstone, light grey,~ with greyish-white sandy 
shales ; the first contains some plant-remains; the 
latter a few bivalves. The dip is rolling, but 
generally to the north. 

3. Sandstone and grit with zones of conglomerate. 
Resembles strongly upper Gondwaona sandstone 
and contains plant-remains. 


The series may be seen in all the ravines which lead towards the Marbich 
and Band-i-Baba from the grassy slopes of the Kushk valley, and the beds dip 
under an angle of about 25° to 30° to the north. 

South of the pass I found that beds belonging to the red grit group are 
faulted against the mass of light-coloured grits of the Band-i-Baba, and the 
strata composing the upper jurassic are dipping 25° to the south. Near the 
actual contact great disturbance and crushing is noticeable, the beds of the red 
grit group being here and there raised up vertically and even inverted. Between 
the top of the Band-i-Baba and the ravine south of Robat-i-Khona, leading to 
Palezkar, the red grit group is as follows in descending order :— 

8. Hard bluish-green sandstone, forming very thick 
Red-grit group 4 beds with grit zones and trap pebbles. The 
sandstone is composed of volcanic material 


Tithonian 
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/2. Breccia, same as 1, but in thinner beds, alternating 
with a clay shale or concretionary clay of dark 
green or red colour; this group is of great thick- 
ness, and can hardly be less than 1,200 to 1,500 
feet. 

1. Dark brownish-red and purple conglomerates and 
grits the fragments made up of igneous material, 
alternating with great layers of trap breccia and 
volcanic tufa. The fragments are all derived 
from igneous rocks, generally mclaphyre, cement- 
ed by a black or dark-green tufaceous matrix. 
Interstratified with red grits and sandstones. 


Palezkar beds, Talchirs ?—The low hilly ground between the hills immediate- 
ly north of Herat and the foot of the Band-i-Baba range itself, is formed by a 
synclinal, much disturbed and in some places completely crushed. Between 
the village of Palezkar and Robat-i-Surkh, in the Herat valley, some of the lower 
beds of the plant-bearing series are exposed. They consist of a group of 
sandstones and green shales, associated with interstratified trap (amygdaloid 
melaphyre), which may be seen well exposed near the high conical hill known 
as the Hissar-i-Ghulaman, and in the ravines of the Palezkar and Shoran 
streams, which drain into the Kurukh river. 

Nearer Robat-i-Surkh, I noticed a greenish-grey impure shale, micaceous, 
with traces of plant-remains (Vertebraria P) associated and alternating with con- 
glomerate and a trap breccia in thick beds. 

Towards the south-east they are overlaid by coarse brown sandstones and grits, 
with badly preserved plant impressions, and towards Muchkhandak by the red 
grit group. ; 

Altogether the Palezkar beds resemble in some respects the Talchirs of India, 
and still more so the lower (Ecca) beds of the Karoo formation of South Africa, 
and recall to me vividly the sections seen a few miles south of Pietermaritzburg 
in Natal, and the beds exposed in the ravines of Kleine Karoo and the Bokkeveld 
of the Cape. 

I believe they belong to the beds 2 to 7 which I described as overlying con- 
formably the carboniferous limestone of the Kholi Biaz hill, in the Davéndar range, 
and form most probably a passage from the upper carboniferous into the trias, com- 
prising perhaps the upper Kuling beds of Himalayas with Otoceras woodwardi. 

Hills north of Herat.—The hill range which runs almost east to west, and 
within 2 miles of Herat, is composed of several groups of rocks, which form three 
separate zones. The greater part of the range, from a point half way between 
Parwana and Herat to Robat-1-Surkh, is formed by the older beds of the plant- 
bearing system, which dip to the north-east, and apparently rest on hard grey 
splintery limestone, which forms the range between the Parwana stream and the 
Sinjao valley, and which may be carbonrferous. 

I crossed the Paropamisus between the Band-i-Baba and the Hari Rud the 
Ardewan, Chasma Sabz and Kobat-i-Surkh passes, and partly explored th4 Mar- 
bich route, 


Red-grit group 
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Marbich and Koh-i-Kaitu.—The latter route skirts both the Koh-i-Kaitu and 
Marbich peaks, which, in their general features, resemble the Band-i-Baba. The 
southern half with the Koh-i-Kaitu is composed of the red-grit group which is 
faulted against the tithonian grits and Ostrea limestones of the Marbich. 

Ardewan.—The beds composing the Ardewan all belong to the red-grit group 
with a part of the higher tithonian white sandstones and grits overlying it. The 
structure presents one or more folds, with a considerable amount of local dis- 
turbance. North of the pass, where the road enters the grassy slopes of the 
Kushk drainage, the sandstones of the tithonian group have been faulted and 
crushed against beds (white marly limestone) of the upper cretaceous formation. 
I believe this to be on the same line of fault which I could trace from point to 
point through the Paropamisus and the Jam hills of Khorassan. 

The rocks, which compose the red-grit group of the Ardewan, consist of thick 
beds of grit, sandstone and conglomorate, mostly of a dense reddish-brown to pur- 
ple colour, in general character resembling the rocks of this group at the Zur- 
must pass. The conglomerate changes locally into a volcanic breccia, which is 
well shown in the cliffs just north of Kush Robat, near the south entrance to the 
pass. I found no trap in situ, but thick beds of volcanic ash, with embedded 
bombs of malaphyre, are intercalated between the conglomerates. The general 
dip of the group varies from north-west to north-east, but in one or two places 
small folds repeat the series of beds. 

Beyond the watershed of the Sinjao stream and the stream which drains into 
the Kushk, the red-grit group is overlaid conformably by coarse sandstones (with 
ferruginous nodules) and grits with calcareous beds, containing marine shells, 
which I believe to belong to the tithonian horizon, continuous with rocks of the 
same age of the Marbich, Band-i-Baba, and Kashka Kotals. The sandstone is cut 
off by the fault already noticed, and crushed against upper cretaceous limestone 
with Inoceramus cripsi, Mant. 

Chasma Sabz pass.—The section exposed at the Chasma Sabz pass is almost 
identically the same as the one seen in the Ardewan. It consists of a series of 


beds of the red-grit group, dipping 15° to 20° north-east, and in descending order 
I found : 


4, Densely red grits and ferruginous sandstone, forming a lower and parallel 
range north of the Chasma Sabz pass. 

3. Grey friable needle shales, conglomerates and partings of clay shales. 

2. Grits and greyish needle shales with bluish-grey hard clay shales. 


1. Red and brown to purple sandstone with coarse conglomerate and volcanic 
ash beds. 


2. The plant-bearing system in Khorassan. 


The Gaitkharchang pass and the Kat-i-Shamshir range—The great fault de- 
scribed on page 56, and which runs more or less south-east to north-west through 
the Paropamisus, divides also the range of hills which bears the name of the 
Kat-i-Shamshir on our old maps. Here the fault runs close along the north side 
of the watershed between the Jam river valley and the drainage which falls lower 
down into the Hari Rud. The fault is well exposed in the Gafkharchang pass 
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itself, and further to the north-west at the hot spring of Garm-ab (115°F.), it is 
lost amidst the tremendously crushed strata. 

The southern half of the Gaikharchang pass, which leads from the Jam valloy 
north of Turbat-i-Sheikh-Jam to Zohrabad, is composed of fragments of sand- 
stones and grits belonging to the red-grit group with great masses of igneous 
rocks. The prevailing rock is a melaphyre, with long strips of a syenitie granite, 
which I believe to belong to a later epoch. Ash beds and volcanic conglomerates 
are found between the enormous layers of bedded melaphyre, dipping gently to 
the south below the late tertiary deposits of the Jam valley. 

The northern half of the pass between the fault and the Zohrabad plateau, 
past the Burj-Kalich-Khan, is formed chiefly by beds belonging to the middle and 
upper groups of the jurassic system. The structure is that of one or more anti- 
clinal arches, somewhat crushed here and there, but sufficiently clear to establish 
the following groups in descending order : 


Tithonian 3. Light-coloured sandstone, grit and limestone beds; 
the latter with Ostrea sp. 


2. Dark-grey to black finely bedded shales, very friable, 
Red-grit group, upper with ferruginons partings. Great thickness. Frag- 
jurassic. ments of plant-remains. 
Coarse red grit and sandstone in thick beds. 


{ 1. Greenish-grey coarse sandstone with ferruginous part- 
ings, and dark-grey, fine needle shales. The grey 
shales show some badly preserved plant-impres- 

: sions, but the sandstone (near Burj-Kalich Khan) 

Lower and middle ¢ yielded a great number of both marine lewer juras- 
Borers sic fossils, Brachiopods, Bivalves, Echinoderms, 
&c., and also of remains of Glossopteris sp., and 


other Goudwana plants in a fairly good state of pre- 
servation. 


It is remarkable how the red-grit group and the higher grits of the tithonian 
have dwindled down in thickness in this section, compared to the great deposits 
of sandstone and volcanic ash beds which form this group in the Paropamisus 
sections. The stream of Pafdah Jan Murdd, north-east of the Burj Kalich Khan, 
has formed picturesque escarpments in the red-grit group, resembling greatly 
the escarpments in the Mahadeva sandstones of Sirguja and Palamow in India. 

Robat-i-Surkh pass.—Approaching the Robat-i-Surkh pass from the north 
(Gulrdn), one has to pass over rolling hills of rounded outlines, composed, as far as 
I could judge from the scanty exposures seen en route, of nothing else but the soft 
argillaceous beds and soft sandstones which I believe belong to the upper Siwalik 
horizon. Near the north slope of the pass a number of low spurs are seen to run 
out from the Mash range, and I found them to consist of light-brown sandstones 
and grits in thick beds, which resemble the plant-bearing sandstones of the Band- 
i-Baba. The beds dip here gently to the north below the Gulr&n beds. 

The pass itself shows a group of sandstones, generally thick-bedded, which in 
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its upper portions is alternating with reddish and greenish marly beds. I found 
no fossils in any of the strata, but I believe the whole to belong to the red-grit 
group, which it closely resembles. 

The structure seems to be that of a wide anticlinal curve; the pass itself is 
formed by simple erosion of two streams, flowing north and south, separated by @ 
low watershed. of only a few hundred feet in width. 

Further to the north-west, the red-grit group swells again in thickness, and 
on the left side of the Kashaf Rud valley forms all the lower slopes underlying 
the cretaceous rocks of the Takht-i-Gauzak. 

The pass, which leads from Sang-i-Safed (near Firaiman) over to Kat-i-Shamshi 
to Garm-ab, reveals a section very like the one traversed by the Gafkharchang 
pass. The beds of the red-grit group, which compose the entire range at this point, 
are much shattered and folded. Near the south entrance to the pass, the beds dip 
to the south-west and are overlaid uncomformably by younger tertiaries, con- 
glomerates, and sandstone. The red-grit group of this pass consists of densely red 
conglomerates, grits and volcanic ash beds with trap interstratified, betweeu the 
layers of which irregular beds of grit often appear. There are also some earthy 
black shales associated with the grit, and several irregular masses of hard splintery 
grey sandstone, traversed by numerous calcspar veins. The lower strata of the 
red-grit group resemble the beds seen on the north slope of the Jauza hill in the 
Davéndar section; immediately below the grit 1 found a greenish-grey concre- 
tionary shaly sandstone which overlies a fine-grained, hard greenish-grey and 
reddish-grey sandstone similar to the one which I met in the Jauza section, south 
of the Kholi Biaz. 

Near Garm-ab, on the north side of the pass, I found the bedding much disturb- 
ed, and near the fault much shattered. Near Kummer Sard, a small settlement 
of Nomads north-west of Garm-ab, I saw the red-grit group conformably overlying 
the lower jurassic black plant shales. 

Between Bareili and the Takht-t-Gauzak.—The trough between the Bareili 
hill, the highest part of the Kat-i-Shamshir range, and the Takht-i-Gauzak, south- 
west of Pul-i-Khatun, is formed by a succession of folds composed of lower 
and upper jurassic rocks. The former are developed as black or dark-grey 
shales with greenish-grey sandstones, which yield lower jurassic marine shells 
and some Gondwana species of plants. They are overlaid by the red-grit group 
which dips below the tithonian and lower cretaceous of the Takht-1-Gauzak. 

The country between the two ranges is more or less uninhabited now, and 
water is only obtainable at afew points. I had therefore to hurry over it too 
quickly to make very detailed observations. 

The plant-bearing system in the Yoktan range and Bizd hill—The Yaktan 

ge runs in a north-west south-east direction between the Jami and Shahr-i- 
extrgo valleys, and forms a continuation of the Binalut range. At its south-eastern 
acribearmity is the Bizd hill, south-west of Turbat-i-Sheikh-Jami. As already de- 
posed of\\s the range is formed by a steep anticlinal fold, the centre of which is com- 
to the plan, ¢@rboniferous marine limestones, overlaid on each flank by beds belonging 
the greater p.t-bearing system. When I examined the range in March of this year, 
‘art of it was still covered with thick masses of snow, and only at one 
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locality (near Ruband) was I able to penetrate the outer hills to the inner core of 
carboniferous limestone. The depression between the latter and the outer hills 
was then almost filled by snow, so that I have not been able to see either the 
contact between the two systems of formations, nor the lower beds of the plant- 
bearing series. 

The Bizd hill itself is composed of igneous rocks (melaphyres) with sandstone 
and conglomerates of the red-grit group of precisely the same lithological charac- 
ter as noticed in the sections of the Paropamisus. 

The same rocks with great deposits of volcanic ash beds and tufa are seen 
all along the northern slope of the Yaktdén range. The beds of conglomerate and 
sandstone with interstratified igneous rocks dip to the north-west, and apparently 
are conformable to the carboniferous limestone which form the main range, but 
the actual contact I have not seen. 

Plant beds of Kalanderabad.—Near Kalanderabad the outer range separates 
into a chain of isolated low hills, which consist of a hard, light-grey, splintery 
limestone, overlaid by plant-bearing beds. I remember having observed a similar 
bed of grey splintery limestone in the plant-beds of Palezkar, near Herat. 

The Kishtt Pukhta pass from Kila-i-Nao to Amun-Jaffre (and Aliyek).—The 
rocks composing the parallel ridges of the pass which leads over the Yaktan 
range, belong nearly all to the plant-bearing series with its igneous rocks. 

Near the northern side of the pass (near Kalanderabad), I observed greenish- 
brown sandstones, with shaly partings, dipping 50° west. They yielded a few 
poor specimens of plants, the common reed-like fragments. 

The series of beds is contorted, and forms a synclinal near the centre of the 
pass. The structure is too complicated to allow a careful survey during a hasty 
march, but I noticed the close connection of igneous rocks with the plant-bearing 
sandstones and conglomerates. The igneous rocks are chiefly melaphyres with 
a red felspathic rock, very common in the red grit group. With it occurs a 
voleanic breccia, containing some rolled boulders of large sizes, embedded in 
a porous volcanic tufa, with angular fragments of igneous rocks. 

The sedimentary rocks of the group form narrow strips within the belt of 
igneous rocks, and are, with few exceptions, all sandstones of reddish-brown and 
greenish colour. Some high cliffs on the left side of the valley, near the Kilah-i-Nao 
entrance to the Kishti Pukhta pass, are composed of a great thickness, of a coarse 
brown sandstone, with grit partings, showing false bedding well marked. Several 
beds of a coarse conglomerate occur with it. In the lower layers I found a few 
irregular deposits of reddish-brown clay. A large deposit of irregular thickness 
of the boulder breccia, already described, I noticed at the base of the sandstone, 
forming the right side of the valley and overlaying the igneous rocks. 

Another patch of sandstone, which reminded me of the Talchirs of India, I 
found near the south side of the pass, not far from Amun-Jaffre. It is a soft, 
olive-coloured sandstone, with small ferruginous concretions in some of the strata 
and partings of olive-green shales, I found no fossils in them. Near the south- 
ern side of the watershed I found an irregular thick bed of whrite limestone of a 
fine crystalline texture, very hard and splintery, enclosed in the igneous rocks of 
the group, and apparently belonging to it. 
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Karat range.—The range which separates the Khaf plain from the Shahr.i- 
Wau valley, and which bears the name of the Karat range on our maps, I have 
unfortunately not visited, but from the distance it appears that the higher range 
with the peak Koh-i-Khaf is composed of a dark rock, presumably limestone, 
dipping to the south at a low angle. 

North to north-west of it, I noticed other rocks, of a lighter brownish-green 
colour, dipping gently towards the Khaf range. This latter rock I believe to be 
the group of igneous rocks, shales and sandstone of the plant-beds. 

Binalut range,—The Biualut range is similar in structure to the Yaktan hills, 
and is in fact only a continuation of the latter. Only in the Dehrud pass section 
did I cross the plant-bearing series, which north of the Dehrud pass itself, 
between it and the village of Golistan, overlies conformably the carboniferous 
limestone with marine fossils. 

The plant-bearing groupis here represented by hard grey and green shales 
associated with volcanic ash beds and a variety of eruptive rocks. I found no 
fossils in the shales. 

Red-grit group of Maddén.—North-west of Nishapur, the ancient capital of 
Khorassan, some spurs branch off the Binalut range which seem all to belong to 
rocks of the red-grit group of precisely the same lithological character as those 
seen in the hills east of the Band-i-Zurmust. 

The Madan hill itselfis composed of volcanic ash belonging to the group, with 
some contact rock, which will have to be carefully analysed hereafter. In this 
contact rock the celebrated turquoises are found, and there are now about a 
thousand “mines’’ in and around the hill, of which about a hundred only are 
worked ; the best stones are found in pits sunk in the mountain talus, where of 
course the mineral is easily extracted from the crumbling decomposed mass. 

The extraction from the surrounding matrix seems the difficulty in obtaining 
good and large stones, which otherwise abound in great quantities, 

Unfortunately the hill mass of Madan is so completely enshrouded on all 
sides by recent tertiary deposits, that I have been unable to trace the actual con- 
nection of the rock composing it with the lower plant-bearing series of the 
Binalut range. 

The rhetic and jurassic deposits of the Kelat-i-Nadri sectton,—The section 
between Mashhad and Khelat-i-Nadri 1s one of the most interesting in Khorassan. 
There the entire series from the rhetic to the upper cretaceous is represented 
by marine beds. 

A stream, running almost due north-south, has eroded a deep and very narrow 
gorge through the hard limestones of the upper rhetic and jurassic series; in 
some places so narrow that there is only room for a Jaden mule to pass through. 
The Arka-bun-Shah pass leads into the gorge excavated by the Kelat stream, 
running north, which has eroded a similar gorge through a succession of limestones 
and hard shales. 

The section is an extremely good one and presents a succession of folds 
mainly composed of hard splintery limestones and dolomites with some shaly 
partings, which in several horizons yielded fossils, chiefly Brachiopods, belonging 
to the upper rhetic or lower lias. The upper beds contain a few sandstone part- 
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ings, and yielded, besides marine fossils, some rather badly preserved plant- 
remains. These beds, which I believe to be lower jurassic, are overlaid by massive 
limestones (with corals) and red grits, somewhat resembling the red-grit group 


rocks. This marine system is conformably overlaid by the cretaceous rocks of 
Kelat-i-Nadri. 


The cretaceous rocks of the Herat province. 


In the Herat valley itself, I have not met with any cretaceous rocks, but the 
southern half of the Doshakh range, with the peak itself, belongs to the wide- 
spread hippuritic formation, which forms nearly all the hill ranges of South and 
Western Afghanistan. The Zingatak pass from Kashmarti to Pahri marks 
approximately a fault which has brought the paleozoic rocks of the northern 
half of the Doshakh range with the Robat-i-Pai peak in direct contact with hard 
white and grey coral limestone, which yielded many hippurites, some badly 
preserved ammonites and bivalves. 

I have nothing to add to my description of the cretaccous rocks of the Tirband- 
i-Turkestan, which I have not been able to revisit. 

Oretaceous rocks north of the Paropamisus.—North of the Ardewan pass, 
crushed against the upper jurassic or tithonian sandstones and grits, I met white 
marly limestones, which contain Inoceramus cripst Mant. in excellent preservation, 
@ species common in the upper cretaceous formation of Hungary and South-Kastern 
Europe. 

The cretaceous system occupies a large area north of the Estoi and Paropa- 
misus range, and I found the upper horizon with Inoceramus cripsi in almost 
all the sections which I have seen of the cretaceous beds of that region. Most 
probably the shell limestones of Kushk, of Chakan, and the greater part of the 

Tirband, belongto the same system 


The cretaceous rocks of Khorassan. 


Cretaceous beds may be traced from Khelat-i-Nadri in a south-east direction 
to the range of the Takht-i-Ganzak and the cliffs of the Hari Rud between 
Pul-i-Khatun and Zolfikar. Most of the ground north of the Estoi hills to the 
Kashaf Rud valley is also covered by beds belonging to the cretaceous system. 

I found that the system, which cannot be less than about 3,500 to 4,000 feet 
in thickness, can be divided into— 


4. Karthy brownish-white limestones, with flaggy beds 
of white limestones. Forms high clifis along the 


Upper cretaceous Hari Rud, Kelat-i-Nadri, &c. Yielded many cre- 
taceous fossils, amongst them Inoceramus cripsi 
Mant. 


3. White earthy limestones and chalk with indurated 
clay ; fossils in bad state of preservation. 
Lower cretaceous 2. Dark shales, with ferruginous partings. 
1. Yellowish-white earthy limestones, many well-pre- 
served fossils,—Brachiopods, Trigonia, &c. 
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Between Kelat-i-Nadri and Zolfikar this section may be seen at any point, 
and the beds seem hardly disturbed at all, generally sloping gently to the north- 
east, showing steep scarps towards the south and south-west. 

The cliffs along the Hari Rud, between Pul-i-Khatun and Zolfikar, are 
entirely formed by these rocks and offer complete and undisturbed sections. 

The massif of Kelat-i-Nadri is a synclinal basin formed of cretaceous rocks, 
through which the Kelat treams has eroded a transverse valley, or rather gorge. 

Oretaceous rocks in the Binalut range.—Limestones with some fossil remains 
which I found dipping below nummulitic beds near Sultan Maidan, in the Binalut 
range, probably belong to the cretaceous system. 

Granite and gnetssose rocks of Herat cretaceous.—Immediately north of Herat, 
from a point nearly north-west of the city to north-east, including the low hills 
of Ghazegah, a gneissose rock with syenitic granite dykes is found, which seems 
identical with similar rocks of the Upper Kurukh valley and the Davéndar peak 
itself. This belt of granitic and gneissose rocks may be traced along the south 
slope of the Estoi hills (in the Gatikharchang pass) to Sangbast, south-east of 
Mashhad, and I believe belongs to a period subsequent to the red-grit group, 
possibly to the same outburst which has converted so much of the upper 
cretaceous rocks of Southern Afghanistan into fine marble. 


Nummulitic rocks. 


Beds with nummulites, and associated with younger eruptive rocks, rhyolites 
and trachytes, I have only come across near Madén, north-west of Nishapur, 
in Khorassan. The nummulitic beds here occupy a large area, south of Madan ; 
and on the Sultan Maidan, north of the turquoise mines, I found nummulites 
in a calcareous dark limestone and in sandy beds, closely associated with great 
masses of rhyolite, which has changed the sedimentary beds locally, and partly 
converted them into semi-metamorphic masses. 

At the Sultan Maidan the nummulitic group seems to rest conformably on a 
grey shell limestone which I believe to be cretaceous, and which forms the 
western slope of the Binalut range, north of Madan. 

On the outer slopes of the Kat-i-Shamshir between Sang-Safed and 
Sangbast, south-east of Mashhad, I found the beds with nummulites in descend- 
ing order : 
5. Red conglomerate and sandstones in thick beds, 

dip 28° to 30° west to sonth-west-by-west. 
4. Conglomerate, consisting of nummulitic limestone 
pebbles. 
3. Grey shaly limestone with Brachiopods. 
2. Yellowish-white limestone, corals, Ostrea, num- 
so mulites. 
Nummulsivo ° “4 1, Dark-grey shales with intercalated concretionary 
limestone, which contains many bivalves, echi- 
noderms, nummulites, &. 


The beds below this are obscured by recent deposits, but a few miles south- 
east of the locality cretaceous beds dip below the fan of recent accumulations of 


Miocene or oligocene? . ) 
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clay and conglomerate and most probably would be found to conformably underlie 
the nummulitic group. 

Miocene.—Miocene rocks seem to be widely distributed north of the Paro- 
pamisus and on the Sarakhs plain, but I have not myself been able to identify 
them. Captain Yate and Dr, Owen of the Afghan Buundary Commission have 
brought me well-preserved specimens of Ostrea multicostata, Desh.; the first 
from the Nimaksar, north-east of Zolfikar, and the latter from Khwaja Kallandar, 
north-east of Kushk, in Badghis. I have not been able to visit either of these 
localities. Apparently the fossils occur in a light-coloured clay associated with 
the salt-bearing and gypsiferous group, which is largely developed in Northern 
Badghis. 

Younger tertiaries.—To the description of the younger tertiaries given in my 
last ‘‘ notes” I have nothing to add of any importance. Good sections through 
the upper groups of the tertiary system are seldom met with, as they are geno- 
rally hidden below enormously thick masses of alluvial deposits and fans. 


Oamp, SHEIKH-I-WAN, HERAT VALLEY, 
13th November 1885, 


Notes on the Section from Simla to Wangtu, and on the petrological character 
of the Amphibolites and Quartz-Diorites of the Sutle] valley ; by COLONEL 
C. A. McManon, F.G.S. (With a plate.) 
Part I: Introduction; description of the section. 


» 11: Notes on the microscopical character of traps, amphibolites and quartz-diorites. 
»» IIL: Remarks on the character of the rocks, and on the stratigraphy of the region. 


Parr I. 
INTRODUCTION. 


A visit to Simla during 1884 afforded me an opportunity of taking 4 run up 
the Sutlej valley as far as Wangtu. The time at my disposal for the trip was 
however so extremely limited that I had to cover 22 marches in 8} days, and 
travel at the average rate of 27 milesa day. But as I had been up and down 
the Sutlej valley on previous occasions, this rapid survey was sufficient to 
enable me to review my first impressions regarding the geology and stratigraphy 
of this region in the light of the experience subsequently acquired at Dalhousie 
and Chamba. I shall begin this paper with a brief sketch of the geology of the 
section from Simla to Wangtu by way of preface to my remarks on the petrolo- 
gical structure of the hornblende rocks and quartz-diorites of the Sutlej valley, 
and on the stratigraphy of this region. 

The rocks between Simla and Narkanda have already been described by 
Mr. Medlicott in his Memoir! and referred to in the Mandal of the Geology of 
India ;? my first paper on Simla geology, also, contains notices of them.’ A brief 
résumé of the lithology of this section will be given in the last part of this paper. 


1 Mem. Geol. Sur., Vol. I1I, pp. 38-40. 
2 Vol. II, pp. 603, 604. 
£ Supra, Vol. X, pp. 209, 211-214. 
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At Narkanda we have decided mica schists, dipping a little north of east, with 
beds of gneiss on the flank and top of Hattu, a mountain 10,469 feet high, that 
rises to an elevation of 1,600 feet above Narkanda. 

Mica schists continue for some 3 or 4 miles on the road to Kotgarh, 
and are followed in ascending order by quartzites. There is a considerable 
thickness of the latter, but it would be impossible to calculate their precise 
thickness from roadside observations only, as the dip flattens and waves about in 
@ somewhat unsteady manner as far as Kotgarh. The quartzites are followed 
by more or less micaceous rocks, and the dip finally settles down into a north- 
easterly direction. On leaving Kotgarh the metamorphism gradually declines, 
and dark rocks, with a micaceous glaze, succeed, which belong unmistakably 
to the infra-Krol carbonaceous series. The carbonaceous element in them is 
sufficiently strong to blacken the soil of cultivated fields here and there. 

As the road from Kotgarh to Nirat (Nirth) nears the bottom of the valley, 
the gneissose granite crops up quite suddenly., Where it first appears, the dip 
of its foliation is the reverse of the dip of the infra-Krol rocks, but it shortly 
afterwards reverts to the normal north-easterly dip. The actual contact of 
the two rocks is masked by vegetation. 

The gneissose granite continues to Nirat, and thence to the Muchara river 
which flows from the east into the Sutlej to the north of Nirat. The Muchara 
appears, at this point, to mark the division between the gneissose granite and the 
carbonaceous infra-Krol rocks, which re-appear on its right bank dipping in a 
south-easterly direction. 

So far as could be seen from the road, the Nirat outcrop of the gneissose 
granite exhibited a marked parallelism of structure that reminded me of the 
“outer band” at Dalhousie; but this outcrop strikes for, and doubtless merges 
into, the perfect granite of the Kot? peak north of Bargi. The outcrop is about 
4: miles thick. The rock appeared to me to be jointed in the direction of the 
foliation rather than bedded. The lines of division are of unequal thickness, and 
are irregular and variable; they do not appear to persist for any great distance in 
the same direction, but merge into each other, or are stopped abruptly by other 

joints at right angles to their direction. 
The infra-Krol rocks continue with a south-easterly dip as far as the Nogli,® 
a stream that flows into the Sutlej about 3 miles south of Rampur. The dip 


31In my first paper (1877) I noted (supra, Vol. X, p 214) that the gneissose granite—then 
called gneiss—on its first appearance alternates with the carbonaceous slates. This I now think 
was an erroneous impression created by talus, or a land-slip, covering part of the granite. The blocks 
brought down, however, look like slates in situ, and it requires a good deal of consideration to 
detect the deception. 

2 Kot is not marked on the map. It is the point immediately to the north of the Garh 
Station, on the ridge running down from the Garh Station to the Sutlej, where another ridge joins 
it from the east, 

3 In my first paper already quoted (footnote ante) I stated that between Nirat and the Nogli 
the slates alternated with the gneiss. This mistake appears, as far as I can now make out, to have 
been owing to some misreading of my notes made 18 months previous to writing my paper. I 
marched along this road again in 1878 and noted no gneiss. 
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is sometimes very flat, and as the Nogli is neared, a northerly dip sets in for a 
short time. 

The rocks are occasionally very silicious and almost jaspery, but are sometimes 
very dark, as at the village of Dantnugger. As the Nogli is neared, they are 
decidedly carbonaceous, and there is no doubt about their belonging to the infra- 
Krol series. 

At the Nogli a beautiful milky-white quartzite that takes a high polish, and 
is sometimes mistaken for marble, appears dipping south-west. This rock, which, 
I think, represents the Krol quartzite, is followed by trap. 

The trap is a hornblendic variety ; some of it is distinctly amygdaloidal;! and 
it is intercalated with slaty beds having a micaceous glaze, and resembling the 
trap in colour. Somewhere near the middle of the series three bands of white 
quartzite occur intercalated between beds of slaty rocks. 

The volcanic rocks here displayed appear to me to occupy very much the 
same horizon as the altered basalts of the Dalhousie region, which occur between 
the silurian and the carbo-triassic series. Their relation to the white quarizite 
band at the Nogli, and to the quartzites interbedded with them, which presumably 
represent the Krol yuartzite, would however seem to indicate that they are 
somewhat younger than the Dalhousie volcanic series, In this respect the Ram- 
pur lavas agree with those of Kashmir, where Mr. Lydekker observed that, in 
some instances, they pass up into his Kuling series,? the equivalents of the infra- 
Krol series of the Simla region,® and of the lower carboniferous series of Hurope 
and Australia.* 

I am disposed to regard the quartzites intercalated with the lavas, as well as 
the quartzite at the Nogli, as the equivalents of the Krol quartzite. Mr. Medli- 
cott has pointed out® that these beds sometimes attain considerable thickness, as 
at Boileauganj. At Simla the deposition of the sand, of which these quartzites 
were origina'ly composed, was unbroken, but in the Rampur area it was, appar- 
ently, interrupted by lava-flows and by the deposition of mud, into the composition 
of which volcanic ejectamenta probably largely entered, but the deposit of sand 
was resumed from time to time when the volcanic energy was dormant. 

The trap series lasts with a south-easterly dip as far as Rampur; here there 
is a fault along the axis of a synclinal flexure which brings down the milky 
white Krol quartzite and the trap series, both of which on the north side of the 
fault have a north-easterly dip. The trap series to the north of Rampur is 
evidently the same as that which occurs to the south of the town, and the white 
quartzite which I have described as occurring about the middie of the series, 
between the Nogli and Rampur, re-appears in a similar position in the series to 
the north of the town. Owing to vegetation, however, I could not see whether 
slaty beds are intercalated with the latter or not. 


1 [ did not notice any of the amygdaloidal variety t” si¢:.. but blocks of if are very numerous 
on the roadside, and are without doubt of local origin. 

2 Memoirs, Geological Survey, Vol. XXII, pp. 133, 135, 138, 141, 148, 217, 222. 

3 Jd. p. 201. 

4 Ib. p. 161. 

5 Mem., Gevl, Sur., Vol. III, pp 24, 34. 
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The traps on the north side of Rampur have much the same general appearance 
as those to the south, with the exception that they are more metamorphosed 
and consequently appear more distinctly hornblendic to the unaided eye. In the 
northern outcrop many of the beds are distinctly slaty in texture, and there is a 
comparative absence of the amygdaloidal variety. I once found an amyedaloidal 
block by the roadside, 2 or 3 miles north of Rampur; and as the block could 
not have travelled up the river, and as the non-amygdaloidal portion of it exactly 
resembled the local rock, the probability of its having been derived from a local 
source 1s very great. The amygdules formed a band along the top of this block. 
This is the only occasion on which I found amygdaloidal trap north of the town of 
Rampur. 

Whatever differences are observable between the beds to the north and to the 
south of Rampur, I attribute partly to the probability of volcanic ash having 
taken a larger part in the formation of the beds to the north than in those to the 
south of the town, and partly to the northern beds being more within the region 
of metamorphism. 

The actual line of the fault which I have described as occurring at Rampur 
may be seen, in section, on the right bank of the Satlej, a little to the north of the 
town; and the white quartzite with a north-easterly dip is there let down against 
the dark trap series; and the line of division between the two is as sharp as if it 
had been cut with a knife. 

In my paper, published in 1877, I stated, with reference to the first appearance 
of the trap at the Nogri, that the “strong quartz beds are burst asunder and 
twisted about by the trap in a wonderful manner.”” I was young, as an observer, 
then; and in those days the Sutlej trap was believed to be an intrusive rock, 
The trap where it first crops out certainly has the appearance above described, 
but this, I think, is deceptive, and is produced by contortion, which has been 
very severe at this point, and by small local faulting. The idea of intrusion 
is also favoured by the fact that the trap is jointed at right angles to the bedding 
of the quartzites. 

In the middle quartzite band intercalated with the traps to the south of 
Rampur, an instructive example of columnar structure is to be seen; a bed of 
white quartzite has weathered into a perfectly rounded column, 2 feet in dia- 
meter and about 15 feet long. Its frayed end shows a tendency to split up 
into a series of annular coats like an onion. This struck me as interesting in 
connection ‘with the bacillary structure of the Boileauganj quartzites! at Simla. 
The columnar structure above described is probably due to the heat produced 
by beds of lava flowing over beds composed of silicious materials ; and if so, the 
bacillary stracture of the Boileauganj quartzites may be referred to a similar 
cause. 

The metamorphism of the Jako (Simla) beds has been conjecturally referred 
by Mr. Medlicott® to the heat produced by igneous masses injected as sheets, or 
flowing over the Jako beds from the direction of Hattu. The rapid decline of 


1 Mem. Geol. Sur., ITI, p. 85. . 
2 Punjab Gazetteer: Geology. 
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metamorphism on descending from the Krol schists, on the top of Jako, to the 
silurian beds in the valleys below, almost completely shuts out the supposition 
that the metamorphism of the Jako rocks can be due to tangential pressure or to 
agencies operating from below, for in the Simla region contortion is rampant in 
the strata of the valleys and inconsiderable on the hill-tops; whilst the strati- 
graphy of Jako, and its neighbourhood, is such as to altogether exclude the sup- 
position of inversion. 

The Kot peak, a few miles to the north of Hattu, where the gneissose granite 
is perfectly granitic, probably represents a centre of volcanic activity, and is pro- 
bably the long-buried root of a volcano from whence shects were injected into 
the neighbouring strata, and from which streams of acid lava, long since re- 
moved by erosion, were poured out far overhead. : 

The traps to the north of Rampur are followed by a very thick series of 
white and grey quartzites having the normal north-easterly dip. These are, I 
think, the equivalents of the silicious beds between Narkanda and Kotgarh. 

At the village of Pishwara? a broad band of hornblende rock crops out. No 
evidence of its intrusive character is visible from the road. The jointing of the 
rock is at right angles to the bedding of the quartzites. A specimen of this rock 
is described in part II, of this paper, No. 20. 

As Gaora is neared, the quartzites become micaceous, and a little south of 

Gaora pass into white hydrous mica schists that decay into a thick white 
powder. These beds reminded me strongly of some schists in the Dalhousie area 
that crumble into a white soapy powder, as, for instance, those seen under Tikri. 
In the Dalhousie area, I have classed these rocks among the lower silurians, and I 
think the beds in the Sutlej valley occupy a similar position. In the section from 
the Thera mall to Banikhet I think the Satlej valley schists are aaa by 
the paragonite (P) slate No. 47 of my microscopic sections.? 
_ Proceeding onwards to Gaora, the mica schists, just described, dip sadlas 
foliated rocks, and these pass into gneissic beds. The latter are, I think, the 
oldest rocks met with in the section under description, and are of Jower silurian, 
or cambrian, age. 

At Gaora the dip is north-north-east, but it rounds towards the west, and at 
Sarhan it is west-north-west; the road to Sarhan works back across the strike 
of the rocks, and at the Manglad stream the white hydrous mica schists are again 
reached. Some beautiful specimens of these rocks, which might be mistaken 
for talc schists, may be obtained here. 

On the ascent from the Manglad Nala to Sarhan, the traveller passes back 
again across the strike to the gneissic beds seen at Gaora. 

In the cliffs on the roadside, some 2 or 3 miles short of Sarhan, a hornblende 
rock crops out which is described under No. 23 of Part II. At this point it is 
almost certainly intrusive in the mica schists; if it is not intrusive, its onward 
course must be abruptly cut off by a fault of which no other trace is visible. 

This rock is of distinctly foliated structure. It frequently recurs on the road 


1 Apparently the village named Pasada on the Atlas sheet. 
2 Records, Vol. XVI, p. 140. 
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up the Sutlej valley|to Wangtu, sometimes in the schists and sometimes in the 
gneissose granite. It is not necessary that I should note every appearance of it. 

Beyond Sarhan the dip is N.11° E. The road lies in the gneissic beds, and 
in the schists, but the white hydrous mica schists are not again reached. 

Between the 93rd and 94th milestones, a dyke of this peculiar rock appears In 
the cliffs, along the face of which the road has been carried by blasting. A dyke 
traverses the rocks just at the spot where the late Sir A. Lawrence was killed, 
and the white stone cross erected to his memory is fixed on the dark diorite and 
marks the place of the accident. In those days the road was carried along the 
face of the cliff by a balcony ; this gave way as Sir A. Lawrence was riding along 
it, and he was precipitated down the precipice and killed on the spot. 

The foliated quartz-diorite here appears to be intrusive: it certainly cuts 
across the foliation of the gneissic beds in ayn Oe 


> Deds 10. ORS place. 
About three quarters of a,dt'e@ beyond this point bands of fine-grained gra- 
nite begin to occur, in», 


7 ru the gneissic beds, which dip north-north-west, and doubtless 
abs. orate is intrusive in the gneiss. There are three or four such bands, and 
then the gneissose granite itself appears. At first the latter is here and there 
gneissose, but afterwards it becomes granitic and finely porphyritic. 

The gneissose granite lasts until the Kandla n&la* is reached, when mica 
schists come in for awhile, the gneissose granite reappearing a little to the south 
of Chora. It seems to me not improbable that these outcrops of gneissose granite 
are continuous; if they are, the granite cuts directly across the strike of the 
schists. The point can only be determined by exploring the side of the mountain 
above Kamparang and Chora, which I had not time to do. 

The gneissose granite continues from Chora to about the 102nd mile from 
Simla, viz., to about 2 miles on the Sarhan side of Tharanda, where gneissic 
rocks with granite veins in them come in. The dip here is nearly perpendicular, 
inclining a little to the north of west. Between the 101st and 1U2nd milestones, 
gneiss appears to alternate with granite, and the impression left on my mind by 
a roadside examination of these beds, is that at the junction of the main mass of 
the gneissose granite and the sedimentary beds, the latter are abundantly pene- 
trated by sheets and veins of the granite. The gneissic portions between the gra- 
nite sheets are much riddled by granite veins. 

Near the 102nd milestone there has been much crushing, and the gneissose 
and schistose beds vary in dip from west to south, and from fiat to perpendicular, 
within a few yards. 

On the descent to the néla under Tharanda* I observed the hornblende rock 
(quartz-diorite) twice; and on the ascent to Tharanda it crops out five times. 
These outcrops are probably continuous and form one broad dyke; but owing to 
the excess of vegetation I was not able to see whether this isso ornot. A sample 
of this rock is described in Part II, No. 26. 

1 The Kandla nla is, I think, the stream flowing down from the Bhosleh Trigonometrical 
Station into the Sutlej, to the west of the village of Shilwan. Chora, which is not marked on the 
Trigonometrical Survey Atlas, is about one and a half miles to the north of this stream. 

3 This stream is 1 think, the one flowing down from the Bhosleh Station into thé Sutlej to 


the west of the vilfage of (Thusaring. Tharanda is, I think, about half a mile or so to the 
east of the Nanaspar Station marked on the map. 
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After leaving Tharanda one rounds the spur before commencing to descend in 
an easterly direction to the stream under Pawanda.’ Tho gneissose granite 
crops out again here, and it is probably continuous with the outcrop south of 
Tharanda. 

The gneissose granite is at first fine-grained and non-porphyritic; but after- 
wards all the varieties of this rock, namely, the gneissic, the porphyritic, and the 
perfectly granitic, are seen. Veins of the fine-grained non-porphyritic variety 
occur both in the gneissose and in the porphyritic varictics. 

On the descent to the nala under Pawanda, near where the 106th milestone 
from Simla used to stand,? an outcrop of the hornblende rock (quartz-diorite) 
occurs, having a width of about a quarter of a mile. It runs up the mountain 

side in a perpendicular direction. In this diorite there are seven or cight 
perpendicular dykes of the porphyritic granite and one perpendicular dyke of the 
fine-grained non-purphyritic granite. Mica has been developed in the foliated 
diorite apparently by contact action, A specimen taken from the diorite at its 
contact with the granite is described in Part II, No. 25. One dyke of tho 
hornblende rock (diorite) has all the appearance of having passed straight up 
the middle of one of the perpendicular dykes of porphyritic gueissose granite. If 
this is not really the case, two narrow dykes of the granite must have run a 
perfectly parallel course, very close together on cither side of a thin dyke of 
the foliated diorite. The latter hasa sharp clean-cut edge, and looks superficially 
like one of those perpendicular dykes of basalt one so often sees traversing beds 
of lava in the crater walls of a volcano. A hand specimen taken from this nar- 
row dyke of hornblende rock (diorite) is described under No. 27, Part IT. 

If the wide outcrop of the hornblende rock which occurs at the 106th mile 
from Simla is continuous with that on the south side of Tharanda, about the 
103rd mile from Simla (and the one outcrop strikes in the direction of the other), 
it is clear that the hornblende rock must strike obliquely across the gneissose 
granite; for the outcrop on the ascent to Tharanda occurs on the western margin 
of the granite, and indeed clear of it, whereas the outcrop opposite Pawanda 
occurs either at, or near, the eastern margin of the granite. Appearances in the 
field therefore favour the supposition that the hornblende rock is an eruptive rock 
intrusive in the gneissose granite and that it is of the same age as the latter, for 
it is itself penetrated by dykes of the granite. 

On the ascent from the stream to Pawanda one crosses over the strike of the 
rocks, and those seen on the descent to the stream are recrossed ; owing to vegeta- 
tion, however, there are not the same facilities for observing their details. 

From Pawanda to Narchar,’ owing to forests, the rocks are not often seen in 
situ, but when seen they are fine-grained non-porphyritic gneissose granites. 

2 Derived, I should imagine, from pawan “ wind,” a speaking commentary on what the 
climate must be in winter. The stream alluded to is the one shown on the map as flowing down 
from the “Snowy Peak No. 5,” into the Sutlej to the west of Pang. Powanda is on its 1ight bank. 

4 The majority of the milestones, viz., painted boards let into stone columns have been carried 
off by Buddhist travellers from Tibet, under the impression that the words so many “miles from 
Simla” are an English invocation of the Deity. 


* Narchar, one of the residences of the Sutlej valley Forest Officer, is not marked on the map, 
It is 4 miles on the Simla side of Wangtu. 
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Near Narchar veins of white oligoclase intrusive granite begin to appear, and as 
Wangtu is neared, these veins become more abundant. 

At Wangtu all varieties of the gneissose granite are well seen: some are per- 
fectly granitic; some are of the ordinary porphyritic type ; some reminded me of 
the unporphyritic varieties of the Dalhousie area, as seen on Dainkund, in the 
Chuari pass, and at Sihunta, Veins of the latter variety, which is not to be 
confounded with the white oligoclase granite, are to be seen in the porphyritic 
kind, whilst the white oligoclase granite traverses all the other varieties. 

At page 219 of my first paper (supra, Vol. X) I described a foliated horn- 
blende rock, which I considered to be an igneous rock in an advanced stage of 
metamorphism, traversing the gneissose granite (then termed granitoid gneiss) and 
behaving as an eruptive rock. A good place for observing it is at the mouth of 
the Wangar stream, where it joins the Sutlej at Wangtu. I made a sketch of 
this on the occasion of my first visit, and another when I was last there. An 
attempt to give the reader the benefit of this is made at fig. I of the plate attached 
to this paper. A good picture from an artistic point of view cannot be made 
of the subject, as it has to be viewed from above, and it is a physical impossibility 
to get down to a level with it on the opposite side of the Wanga stream. The 
rock itself can be reached, and on both occasions I brought away hand specimens 
of the foliated diorite, but the side of the rock to which access is possible is not 
a good one for a sketch. 

Previous to commenting on the stratigraphy of the section now described [ 
think it desirable to give the results of an examination of thin slices of the Ram- 
pur traps and of the hornblende rocks of the Sutlej valley as seen under the 
microscope, The rock seen at the junction of the Wangar and Sutlej rivers is 
described under No. 29. 


Part IT. 


Nores on tae MicroscopicaAL EXAMINATION OF THE Traps, DiorttEs AND Horn- 
BLENDE Rocks oF THE SUTLEJ VALLEY. 


Traps on the south side of the town of Rampur. 


No. 1.—A greenish grey amygdaloidal trap. Sp. G. 2°87. 

No. 2.—A fine-grained trap. Sp. G. 2°88. 

No. 3.—Taken from a bed that crops out close to the town. Sp. G. 2‘89. 

No. 4.—Taken from the middie of the southern outcrop. Sp. G, 2°87. 

No. 5.~—Taken from near the southern margin of a bed that crops out on the 

bank of the Sutlej river. Sp. G. 2°91. 

These specimens are of dark-grey colour, No. 5 having a somewhat greenish 
tinge. No. 3 is a speckled rock, and, with the aid of a pocket lens, it is seen to 
be distinctly crystalline. The other specimens may be described as being of 
compact texture, though minute blades of hornblende may be discerned in them 
with a pocket lens. 

M.—No. 1 consists of a mixture of hornblende, mica, and felspar; the two 
former being abundant, Magnetite and epidote are also present. Most of the 
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felspar is tolerably fresh and much of it is distinctly triclinic: it contains micro- 
liths apparently of hornblende. 

The hornblende is in long slender prisms, or fibres; but cross-sections exhibit 
the characteristic prismatic cleavages. 

The amygdules contain zeolites, epidote, mica, iron pyrites and calcite. The 
presence of long strings of perfectly formed mica in the amygdules renders it 
probable that the mica seen in the trap itself is also of secondary origin. In 
transmitted light it varies from a brown-green to an olive-green colour. 

The amygdules above described contain a few minute liquid cavities with 
bubbles, but none were detected elsewhere. 

Nos. 2 to 5 contain hornblende, felspar, and mica in minute leaves. The 
hornblende is generally dark-green in colour, and is powerfully dichroic, except 
in No. 4 in which the hornblende is very pale in transmitted light ; in the latter, 
however, the dichroism is still distinct. Nos. 2 and 3 contain calcite, and 2, 4, 
and 5, a few grains of free quartz. The quartz of 4 and 5 contain some minute 
liquid cavities with bubbles, but high powers are required to detect them. Gas 
pores are sparsely present in all the above specimens (2—5). Nos. 2 and 5 
contain some hematite, and a little epidote. Sphene is abundant in No. 4, and 
one of the slices of No. 4 also contains a garnet. 

The felspar in Nos. 2 to 5 is visibly triclinic in the majority of crystals. 
No. 5 appears to contain a few prisms of orthoclase, but this species of felspar 
could not be identified in any of the other slices. A piece of microcline is 
present in No. 4. 

In all the above slices (2—5) more or less of a residuum or base can be made 
out, which seems to consist in part of quartz., in part of felspar, and in part 
of a crypto-crystalline admixture of both. 

With the exception of a few specks in No. 4 the magnetite in all the.other 
thin slices appears to have been converted into ferrite. Microliths of hornblende 
are abundant in all the specimens examined under the microscope. 


Trap on the north side of the town of Rampur. 


No. 6.—Amygdaloidal trap. Sp. G, 3°06. One half of the hand specimen is 
compact; the other half is crowded with small amygdules. Some of them are 
round, but others are somewhat elongated, the longest axes being, more or less, in 
the same general direction. 

M.—-The ground mass is composed of a granular crystalline material which is 
greenish white in reflected light. In transmitted light it is translucent rather 
than transparent, and is of a dull whitish or yellowish green. It is not dichroic 
and between crossed nicols it polarises in a dull patchy way. It is probably a, 
transitional form between hornblende and epic te. In this ground-mass power- 
fully dichroic crystals of hornblende are embedded. Epidote is also abundant. 
A little frea quartz is present here and there, but I have not observed any felspar. 

The amygdules are composed of quartz, epidote, and calcite. 

A little magnetite is sprinkled about in the slice. The free quartz the 
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ground-mass contains a few liquid cavities with moveable bubbles, but there are 

the amygdules. 

No. 7.—Sp. G. 2°93. 
No. 8.—Sp. G. 2°94. 
No. 9.—Sp. G. 2°93. 
No. 10.—Sp. G. 3°00. 
No. 11.—Sp. G. 2°89. 
No. 12.—Sp. G. 3°03. 
No. 13.—Sp. G. 2°93. 

All these specimens (7—13) are of dark-grey colour, with a slight inclination 
to a dull green tint. Nos. 8 and 9 are somewhat fissile, and have a feeble mica- 
ceous glaze on the splitting surface. All are compact, but with the aid of a lens 
mwicro-prisms of hornblende can be made out in most of them, and No. 12 seems 
to be almost made up of prisms of this mineral. With a lens the quartz and 
felspar can be distinguished from the hornblende in Nos. 9, 10, and 11; whilst 
No. 11 is seen to have a fine foliated structure. 

The specimens 7 to 13 may be divided into two classes; namely, those in 
which the ground mass consists wholly, or principally of quartz (9, 11 and 
12) ; and those in which it consists nearly wholly of felspar, as in Nos. 8 and 13 
in which there is no quartz. No, 7 occupies an intermediate position between 
the two classes. 

Epidote is present in Nos. 8, 9, 10 and 11: it is usually quite colourless in 
transmitted light. Magnetite is present in all slices except those of Nos. 7 and 8, 
in which ferrite takes its place. 

The felspar in Nos. 7, 8, 10, and 13, is, for the most part, visibly triclinic and 
none of it can be recognised as orthoclase. 

The quartz, in these slices, 1s in micro-grains, and in No. 12 the latter exhibit 
a tendency to assume crystallographic outlines. 

The dichroism of the hornblende is very brilliant and axial sections exhibit 
the cross cleavage well. In No, 12 the prisms present in some cases very 
regular outlines. In all these slices microliths of hornblende are abundant in the 
ground-mass. 

I have not observed any liquid cavities with bubbles in these slices, except in 
some of the epidote of No. 11, in which they are rather numerous. 


Narkanda quartz-diorite. 


Nos. 14 and 15.—Sp. G. 2°95. From an ontcrop on the road, about 3 miles 
on the Mattiana side of Narkanda, noted by Mr. Medlicott in his Memoir ‘“‘ On 
the Geological structure and relations of the southern portion of the Himalayan 
range between the Rivers Ganges and Kavee.”” Memoirs, Geological Survey, 
Vol. ITI, p. 40. 

M.—This rock is composed of hornblende, mica, triclinic felspar, and a little 
quartz. Magnetite, ferrite, and a little calcite are also present. Judging from 

> absence of dichroism, and from the angle of extinction, one of the slices appears 
forrohtain some augite which seems to have escaped conversion into hornblende. 
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I Lave not observed any liquid cavities with moving bubbles, but some 
portions of the hornblende are full of gas cavities and inclusions that follow two 
directions of cleavage. Liquid cavities with bubbles, full of air or gas, are also 
present in the hornblende. Many of the microliths present in the slice are 
cracked and contain fixed bubbles. The appearance of the slice is that of an 
intrusive rather than that of a contemporaneous igneous rock, and seems to be a 
normal quartz-diorite. 


Between Rampur and Gaora, 


No. 16.—Sp. G. 2°96. A very fine-grained speckled hornblende rock, in white 
quartzite, on the ascent from Rampur to Gaora. The hand specimen exhibits an 
incipient foliation. At first sight, from the mode of outcrop the rock appears to 
be intrusive in the quartzite, but on a careful examination of the outcrop on the 
occasion of my last visit, I failed to obtain any actual evidence of intrusion. 

M.—The ground-mass consists of granular quartz. Hornblende is abundant. 
The slice also contains a little epidote, colourless in transmitted light, and some 
micro-garnets. No liquid cavities could be discovered. The slice contains no 
felspar, and magnitite is replaced by ferrite. 

No. 17.—Sp. G. 2°95. <A beautifully crystalline diorite. 

No. 18.—Sp. G. 2:96. A closely similar rock. It differs from No. 17 only 
in the felspathic element not being quite so prominent. 

Both specimens are highly crystalline rocks ; the minute prisms of hornblende 
set in a white matrix being visible ta the unaided eye. The hornblende radiates 
in all directions, and there is not the slightest approximation to parallelism in the 
arrangement of the constituent minerals. These specimens appear to belong to 
the same type of rock as No. 4; there seems bean advance in crystallization—that 
is all. 

M.—The hornblende is in massive prisms, most of whichare twinned. When 
seen in section they are six-sided, and exhibit the prismatic cleavages well. The 
hornblende is also present in the form of micro-prisms and crystals, 

The other constituents of therock are felspar, quartz, magnetite, and mica. 
Some of the felspar is visibly triclinic: the mica is not abundant, and the quartz 
is subordinate to the felspar. 

The rock contains air or gas inclusions, and some liquid cavities with fixed 
bubbles. Microliths with fixed bubbles and elongated shrinkage cavities are also 
present. The bubbles in the liquid cavities ace large compared with the size of 
the cavities enclosing them. There are some colourless microliths that may be 
apatite. 

The aspect of the rock under the microscope is that of an eruptive one. 

It is apparently the same rock as No. 4, but of more granitic structure, being 
almost completely holocrystalline. The sphexe of No. 4 is not present in very 
thin slices of Nos. 17 or 18, but appears in the specimen next to be described. 

No. 19.—Sp. G. 3°04. A dense, fine-grained hornblende rock, speckled with 
minute white specks, 


M.—This specimen so closely resembles No. 17 in microscopic strncture that a 
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separate description is unnecessary. It contains what appears to be sphene. It 
is more translucent than titanite usually is, and it is granular in structure, pre- 
senting none of the characteristic forms of sphene ; on the other hand its optical 
characters agree precisely with those of sphene; its dichroism and powerful 
double refraction being very characteristic. KEvery piece of sphene in the slice 
(and they are numerous) contains very many irregularly shaped fragments of 
ilmenite, or magnetite, probably the former. 

No. 20.—Sp. G. 299, This specimen is made up of hornblende, mica, and 
quartz. Ilmenite, or magnetite, is also present, apparently the former. It is 
associated with sphene as in No.19. The hornblende is much corroded and eaten 
into by granular matter and minute grains of quartz. Microliths, some of which 
are of mica, contain fixed bubbles, and many of them enclose a plurality of them. 
The slice does not contain any liquid cavities with moving bubbles. 


Between Guora and Sarhan. 


No. 21.—Hornblende rock. Sp. G. 3:03. The hornblende is of the same 
character as that of the specimens already described. The ground-mass is com- 
posed of a mixture of quartz and triclinic felspar. The slice contains numerous 
small, well-crystallized garnets, some schorl, magnetite, hematite, and a little 
mica. I have not detected any liquid cavities with moving bubbles, but some of 
the microliths contain internal cavities. The hornblende encloses numerous 
micro-inclusions which contain fixed bubbles. A quartz grain sliced at right 
angles to the optic axis, contains an oval-shaped inclusion of glass with a large 
oval-shaped fixed cavity at one side of it. The inclusion appears to be of glass, 
for it is almost invisible in reflected light, whilst when tested with, and without, 
the quartz plate, in transmitted polarised light, it is quite inert. 

No. 22.—Sp. G. 2°90. From a bed in mica schist close to the locality from 
which No. 21 was taken. 

This is a distinctly foliated, fine-grained, hornblende schist. The weathered 
surface is micaceous. 

M.—There is a perfect parallelism in the arrangement of the hornblende, 
with lines of finely granular quartz between the strings of hornblende prisms. 
The latter are not in continuous straight lines, but merge with each other here 
and there like the meshes of a net. Felspar is very sparse. The hornblende is 
in acicular prisms, and is rarely massive. I have observed no liquid cavities with 
bubbles. This is a very metamorphic-looking rock. 

No. 23.—Sp. G. 3°04. A very fine-grained rock, apparently intrusive in the 
schists, on the road side 2 or 3 miles sonth of Sarhan. 

M,—Under the microscope a parallelism is observable in the arrangement of 
the minerals. The slice is composed of hornblende in bladed prisms, and quartz, 
the grains of which show sharp crystallographic outlines, A considerable amount 
of magnetite, in strings in the hornblende, and some ferrite, are present. There 
are no liquid cavities with moving bubbles, and the rock presents no special 
features. I only detected one piece of felspar in the slice, and this gave no indi- 


cation of twinning. 
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Between Sarhan and Taranda. 


No. 24.—Hornblende rock. In this specimen the hornblende predominates 
largely over the quartz. Thereis a present tendency to hexagonal outlines in 
the grains of the latter mineral. A little triclinic felspar is present. The slice 
contains microscopic garnets, but they are not numerous. Liquid cavities with 
movable bubkles are present in the quartz, but they are sparse. A few microliths 
contain vacuoles or shrinkage cavities. Some magnetite is also present. : 

No. 25.—Hornblende rock opposite Pawanda in contact with a dyke of gnoiss- 
ose granite. The specimen was taken from the contact edge. 

M.—Half the hand specimen has been converted into mica; the mica appear- 
ing along the line of contact between the hornblende rock and the gneissose 
granite. Under the microscope the hornblende, along a line parallel to the mica, 
has quite lost its colour; patches of green colouring matter, however, being left 
here and there in the colourless prisms. All the hornblende at the outer side of 
the slice is deeply coloured, varying from a yellow to a blue green. The coloured 
portions are powerfully dichroic, and the cross cleavage is typically exhibited in 
both the coloured and colourless hornblende. 

There is a decided parallelism in the arrangement of the materials. The 
hornblende prisms are set in felspar and quartz, the former probably predomi- 
nating. Much of the felspar is visibly triclinic. The slice contains magnetite 
and some garnets. 

There are numerous microliths which contain cavities and inclusions. There 
are a few liquid cavities with fixed bubbles. 

No. 26.—Hornblende rock. The hand specimen was taken from the out- 
crop on the ascent to Taranda, from the stream at the 102nd mile from Simla, 
Sp. G. 2°94. In one place the outcrop is distinctly fluted, 

M.—The hornblende is very perfect; dichroism is intense, and the prismatic 
cleavage is well-marked. The felspar, much of which is visibly triclinic, pre- 
ponderates, | think, over the quartz; but in this,and the other Sutlej valley 
specimens, it is extremely difficult to discriminate between the quartz and fel- 
spar when the twin lamelle of the latter are not visible ; the felspar is very glassy, 
and in external outline, and in its appearance under the polariscope, it does not 
sensibly differ from the quartz. The minute size of the grains adds much to 
the difficulty. A close examination, however, with sufficiently high powers, will 
often bring cleavage lines to light, which enables one to discriminate between the 
two minerals. 

Liquid cavities with bubbles are present, and gas inclusions, some of which 
appear to have deposited mineral matter on cooling, are somewhat abundant, 
Microliths containing vacuoles are numerous; one, apparently of hornblende, 
contains four rounded vacuum bubbles of different sizes, whilst in some others 
they are specially abundant. There are some micro-garnets. 

No. 27.—Sp. G. 2°98. A very fine-grained, almost compact, hornblende rock, 
from a dyke in front of Pawanda, on the road-side, 106 miles from Simla, that 
has apparently intruded through the centre of a dyke of the gneissose granite. ® 

M.—The slice examined is composed of hornblende and quartz, principally the 
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former. The quartz is in minute, well-crystallized grains, and there is no parallelism 
in the arrangement ot the constituent minerals. A little triclinic felspar is mixed 
up with the quartz, and the slice also contains alittle mica, magnetite and ferrite. 

Some liquid lacuns, with fixed bubbles, large in proportion to the cavities, are 
to be observed in the quartz, Gas bubbles and irregularly shaped gas inclusions 
are common in both the quartz and hornblende. The latter also contains numer- 
ous other inclusions, most of which appear to be filled with “stony” material, 
and contain round and fixed bubbles—often a plurality of them. These bubbles 
do not hold either air or gas, and seem to be shrinkage cavities. One cavity 
contained a large gas bubble combined with liquid or “stony” matter. Other 
stone cavities have internal deposits of a dark mineral, which, in general, has 
formed along their inner borders. 

No 28.—A quartzose mica diorite—The hand specimen was taken from the 
banks of the Sutlej Nachar, near the hot springs. Sp. G. 2°84. 

There are numerous veins of intrusive granite in this locality ; one of them 
on the right bank has cut through the hornblende rock and converted it into a mica 
trap. This specimen is a crystalline granular mixture of biotite, hornblende, 
felspar, and quartz. No parallelism of structure 1s visible. 

M.—Hornblende is extremely subordinate to biotite and quartz to felspar: the 
latter is very hyaline, and most of it is visibly triclinic. The biotite and horn- 
blende together about equal the felspar. Micro-sphenes are very numerous, and 
the slice contains a little magnetite. 

Liquid cavities with moveable and fixed bubbles are abundant ; the bubbles 
are large, and cover about half the area of the cavities. 

Microliths are extremely numerous; some are cracked, and many of them 
contain round and elongated vacuoles. Some contain a plurality of them. The 
slice contains liquid cavities with gas bubbles, the bubbles occupying above 
three fourths of each cavity. The whole aspect of the rock is that of one of the 
igneous class. 

No. 29.—Hornblende rock, Wangtu. Sp. G. 3°02. The rock at Wangtu is 
very fine-grained, and shows distinct parallelism of structure when examined with 
a lens. 

The hornblende is very green in trausmitted hght, and is powerfully dichroic. 
The mineral next in abundance is quartz. There is a little triclinic felspar pre- 
sent and multitudes of micro-sphenes. 

The quartz is moulded on to the hornblende; liquid cavities with moveable 
bubbles are present, but they are not numerous. Gas cavities are also present. 

The Wangtu specimens contain microliths with shrinkage cracks and vacuoles. 

No. 30.—Hornblende rock. Between Wangtu and Chigaon. Sp. G. 3°02. 
This appears to be the same bed as that seen at Wangtu, but it has here become 
a fine-grained mixtare of biotite, hornblende, quartz, and felspar; the biotite and 
hornblende being about equal in amount. 

The hornblende is so black and lustrous, and the grain is so small, that it 
would require a very sharp eye and a good pocket lens to detect the change in 
‘the rock. It still exhibits a fine but decided foliation. A few micro-garnets 
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Under the microscope the rock is seen to be perfectly crystalline. Microliths 
abound, many of them being of hornblende ; and a large number of them contain 
shrinkage cracks and vacuoles, Liquid cavities with moveable bubbles are pre- 
sent, but sparse. 

No. 31.—Hornblende rock. This specimen was taken from the same locality 
as No. 30, close to a small granite dyke that cuts across the bed. As compared 
with the last specimen, quartz has dwindled into comparative insignificance; and 
felspar, nearly all of which is visibly triclinic, predominates largely over it. 

The slice contains liquid cavities with moving bubbles, and inclusions with 
mineral deposits and fixed bubbles. Magnetite or ilmenite is present in some 
abundance. 


Parr IT. 


REMARKS ON 1HE CHARACTER OF THE ROCKS DESCRIBED IN THE PRECEDING PARTS, 
AND ON THE STRATIGRAPHY OF THE REGION. 


Amongst the trap south of the town of Rampur, amygdaloidal specimens are 
not uncommon; the hornblendic trap is intercalated with slaty beds, and about 
the middle of the series three bands of quartzites occur separated by beds of 
slate. 

The amygdaloidal character of some of these traps seems to point decidedly to 
a volcanic origin, and I see no reason to class them with the plutonic rocks. 
They crop out very nearly on the horizon occupied by the basic volcanic series of 
the Dalhousie area, and their position agrees well with that of the Kashmir 
traps, which occasionally pass up into the lower carboniferous series. 

The Rampur traps differ from those south and north-west of Dalhousie, 
jnasmuch as the amphibole element takes a decided place in them; but I have 
pointed out in my last paper that the Hulh and Sao traps, to the north-east of 
Dalhousie, show a decided tendency to become hornblendic. 

It may be that the volcanic rocks, in their extension into the Rampur area, 
underwent a change of type. I have, in my last paper, given my reasons for 
believing that the view adopted by Mr. Lydekker in his Memoir on Kashmir is 
correct, and that the ancient lavas of the North-Western Himalayas were not 
fissure eruptions, but were emitted by volcanoes dotted over the then surface of the 
country. That being the case, there would be nothing surprising in the fact that 
volcanic activity extended over a considerable period in time, or that the lavas 
which issued from the different volcanic centres differed from each other consider- 
ably in type. That the latter was really the case will, I think, be clearly seen if 
we compare the results of the microscopic study of the traps south of Dalhousie? 
with those north of Bhandal, and with those at Hulh and Sao.? 

I am disposed, however, to attribute the hornblendic character of the Rampur 
traps to another cause, namely, to metamorphic action. 


1 Ree. Geol, Surv., Vol. XVI, p. 178. 
3 See in my last paper. 
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The amygdaloidal character of some of the Rampur traps south of the town 
indicates that these traps are true lavas; whilst it is clear to me that the rocks 
at Rampur, immediately north of the town, belong to the same series as the traps 
on the south of the town. The high specific gravity of the hand specimens from 
both the north and the south of the town, on the other hand, seem to indicate 
that their affinities are with the basic lavas rather than with the hornblende- 
andesites. 

Augite, as is well known to mineralogists now-a-days, is not a stable mineral ; 
but on the contrary it exhibits a strong tendency to set up molecular changes, in 
the presence of metamorphic action, that result in its settling down into the more 
stable form of hornblende. 

An interesting réswmé of the evidence bearing on this point has recently been 
published in the American Journal of Science,! and it will be sufficient to refer to 
that article, and to the authorities quoted therein, as a guide to any one who 
wishes to pursue the investigation. The papers of Mr. J. A. Phillips (Q. J.G.5S., 
XXXII, p. 155, and XXXIV, p. 471) in which the change of augite into horn- 
blende is proved, and certain “ preenstones”’ are shown to be altered doleritic 
lavas, may also be referred to. 

“ Jukes long ago,” Mr. Williams writes,? ‘suggested that many areas of 
hornblende rocks might be accounted for by the alteration of old lavas, and this 
seems now to be fast gaining ground.” Hornblende schists, in particular, have, 
it has at different times been suggested, resulted from the alteration of basaltic 
tuff.’ 

‘Quite recently,” to quote again from Mr. Williams’ paper, ‘the possible 
widespread geological importance of the paramorphosis of pyroxene to amphi- 
bole in accounting for the existence of many areas of hornblendic rocks by the 
alteration of other rocks, originally augite, has attracted much attention. This 
change has been carefully followed in Norway, Austria, Suxony, and several 
other European localities, as well as on this continent in New Hampshire, 
Wisconsin, and in the region about Baltimore.” 

One remark made by Mr. Williams has an especially important bearing on the 
inquiry into the origin of the Sutlej valley hornblende schists, namely, ‘In the 
great gabbro area, west of Baltimore, the massive diallage and hypersthene rocks 
occur everywhere imbedded in, and passing by gradual transitions into more or 
less schistose amphibolites, which differ from them muineralogically only in the 
crystalline form of the bisilicate constituent. These amphibolites have, through- 
out the whole area, a nearly parallel strike and dip, and many other facts, which 
cannot here be enumerated, indicate that their schistose structure is like slaty 
cleavage, the result of lateral pressure. That the amphibolites have resulted from 
the paramorphosis of the pyroxene in the gabbros is abundantly proven both by 
microscopic study and their relations in the field, and the fact is very significant 
that throughout the area, as a rule [the italics are in the original paper], the 


1 On the Paramorphosis of Pyroxene to Hornblende in rocks; by Geo. H. Williams, Vol. 
XXVIII, p. 259 (Oct. 1884). 

3 See also Geikie’s Text-Book of Geology, p. 121. 

®* For instance see Quar, Jour. Geol. Sur., Vol. KXXIX, p. 19. 
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schistose structure is developed in proportion to the completeness of the paramor- 
phosis.” 

I note in passing that one of my hand specimens from the north side of the 
town of Rampur exhibits a distinct parallelism of structure, whilst some beds might 
be callen hornblende slates as their fissile character is well marked. Tho latter, 
I think, are probably altered ash beds. 

The view that the hornblendic character of the Rampur traps is due to meta- 
morphism, is favoured, not only by the general considerations indicated above, but 
by tho fact that whilst observations in the field showed the rock series to the north 
of the town to be a mere repetition of that seen on the south of the town, the 
metamorphism of the northern wing of the syncline—that nearest to the main 
axis of granitic eruption and metamorphic action—is more advanced than that of 
the southern wing ; the beds of which the former are composed looking moro like 
hornblende rocks, and less like lavas, than those which compose the southern 
wing. 

Another consideration is, if the rocks are not altcred lavas, what are they ? 
The amygdaloids of the southern wing seem to shut out the supposition of their 
being either metamorphosed sedimentary beds or plutonic cruptive rocks. The 
Rampur rocks occur, it seems to me, on the horizon of the volcanic series of 
Kashmir and Dalhousie, and I think they must belong to that series. 

The view was adopted in the Manual of the Geology of India that the traps 
of the Bids and Sutlej valleys were intrusive and connected with the “ extreme 
crushing and disturbance the slates and limestone have undergone in those 
positions.” My microscopic study of the Bids valley traps exposed at Darang 
and Mandi,’ has shown that the rocks at both those places are altered basalts 
resembling those south of Dalhousie. The traps at Suni in the bed of Sutlej 
are very much altered by aqueous agencies—a fact probably connected with the 
presence of hot springs in that locality ; but the appearance of these traps, in the 
field and under the microscope, leads me to class them with the lavas of the 
Dalhousie and Kashmir arcas. My reasons for claiming the traps of Rampur 
as altered lavas have been given in the preceding pages. 

In the Dalhousie area the lavas come in above the upper silurian conglo- 
merate and below the carbo-try ssic series, as is well seen in the neighbourhood of 
Bhandal, Hulh, Sao, and Anh usa, the details of which outcrops were given in 
my last paper. The traps under discussion appear to occupy a similar position in 
the valleys of the Bids and Sutlej, with the exception, as we have seen, that at 
Rampur they extend into the lower carboniferous series. They do not occur 
either in the Simla or in the Dalhousie area in the great series of carbo-triassic 
limestones, but they often touch, and are never far from those limestones in the 
Dalhousie area, and they appear to occupy a similar position at; Darang and 
Mundi; at the Gairn mountain? on the north of the Sutlej; and at Suni ;* whilst 
they succeed the infra-Krol slates and the Krol quartzite at Rampur. 

1 Manual, Geol, Sur., p. 606. 
2 Records, Geol. Sur., Vol. XV, p. 155. 


? Memoirs, Geol. Sur., Vol. III, p. 60, 
* Memoirs, Vol, III, p. 48. 
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The contortions and disturbance which the rocks have undergone in the areas 
alluded to, appear to have affected the trap as well as the adjoining rocks, for we 
read of the occurrence, under Gairn, of “ dark shaly slates with much trap rock 
similarly disturbed ;” 2 and moreover it is evident that in the great tangential 
squeezing to which the Himalayas have been subjected, comparatively soft rocks 
in contact with intensely hard ones would fare the worst, and exhibit the most 
evidence of contortion. If the slates in contact with the trap therefore are in any 
of those localities more disturbed than the latter, it does not follow that the trap 
has welled up from below through the broken rocks. 

I must not be understood, by the above remarks, to deny the existence of 
plutonic eruptive rocks, basic or other, in the Sutlej and Bifs valleys; indeed 
the present paper goes to prove the existence of such rocks in a part of the Sutlej 
valley; but I think it important that the volcanic character of the traps at 
Darang, Mandi, Suni and Rampur should be recognised ; and I suggest the 
probability of the traps at Gairu and Bibul belonging to this series, because I 
think, in the absence of fossils, the infra-carboniferous volcanic series, and the 
upper silurian conglomerate, constitute geological horizons which will afford 
us important aid in unravelling the geology of the unfossiliferous parts of the 
Himalayas. When we find trap, cropping out side-by-side with the conglomerate, 
with no actual evidence of intrusion, the probability seems to me great, that the 
trap will, upon a careful investigation, prove to belong to the infra-carboniferous 
volcanic series. 

Mr. Bridges Lee, of the Lahore Bar, who has travelled much in Kashmir, 
Zanskar, and other parts of the North-West Himalayas, and who, I trust, will 
some day give us the benefit of his observations, informs me that in all places 
visited by him, the volcanic series invariably come in above the upper silurian 

conglomerates, and below the carbo-triassic limestones. They afford the geologist, 
therefore, a definite horizon of much value. 

In connection with the subject of the traps it may not be out of place to refer 
again to the metamorphism of the Jako beds at Simla. This has (see ante) been 
referred to the contact action of acid igneous rocks from above in the form of 
laccolites; but may it not have been owing to the overflow of beds of basic lava 
connected with the volcanic activity which prevailed in this region between the 
close of the silurian and the middle of the carboniferous period? The schists of 
Jako are believed by Mr. Medlicottto be the representatives of the “shaly slates 
of Solun,—the black shales at the base of the Krol;” * that is to say, to be the 
representatives of the black infra-Krol shales at the base of the Krol mountain. 
At the Krol, they immediately follow the upper silurian (Blaini) rocks, and are 
believed to be of lower carboniferous age.*® 

Lavas of the age of those seen at Rampur might well, therefore, have-been 
poured out over the lower carboniferous beds of Jako; and this explanation 
would also account for what I have very generally observed at Simla, Dalhousie 


3 Memoirs, Geol. Sur., Vol. III, p. 34, 
* Memoirs, Geol. Sur., Vol, XXL, p. 201, compared qwith p. 161. 
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and elsewhere ; namely, that the dark infra-Krol rocks have very often a strong 
micaceous glaze on them and a semi-metamorphic aspect. 

The supposition that these beds were subjected to contact metamorphism from 
above before they were disturbed, and before the strata were thrown into their 
present folds, will help to explain difficulties in local geology which might other. 
wise prove to be stumbling-blocks. I have already explained (see ante) that 
tangential pressure cannot be arged, in the case of the Jako bods, to explain their 
metamorphism. i 

I pass on now to consider the case of the amphibole rocks of the Sutloj 
valley. The hand specimens collected higher up the Sutlej valley than Rampur, 
from the localities described in Part I of this paper, have all, superticially, very 
much the same general aspect; they are very fine-grained, dense, black-looking 
rocks; but when examined with the aid of a pocket lens, some wonld he classed 
as hornblende rocks and some as hornblende schists. An examination of thin 
slices under the microscope shows that some of these rocks have the composition 
of quartz diorites. 

All the specimens examined by me have much in common with cach other; 
they consist of combinations of hornblende, mica, felspar, and quartz. In some 
slices the mica disappears; in some, felspar predominates largely over the quartz ; 
in others, the felspar is very sparse and quartz largely takes its place, whilst in 
some the felspar wholly disappears. The felspar belongs to tho triclinic system, 
and it isa peculiarly glassy hyaline mineral. 

The mere abundance of quartz in some specimens does not secm sufficient to 
take them out of the category of diorites. Mr. Rutley, in his Study of Iocks,} 
remarks that “a very large number of diorites are quartziferous ;”’ and Zirkel, in 
his account of the diorites of the Fortieth Parallel, writes that “ in the plagioclase 
rocks the presence or absence of quartz is not of so much importance as in the 
orthoclase series; in the former, it often happens that the same deposition is in 
one place free from, in another poor, and again rich in quartz—a phenomenon 
which does not occur in the orthoclase rocks.” * 

In rocks that have been subjected to metamorphic action, the presence of quartz 
has still less significance, as it sometimes results from the decomposition of other 
minerals such as augite and felspar. Contact with granite, also, has somctimes a 
silicating influence. 

The presence of a fine foliation, which is exhibited by many of the Sutlej 
valley specimens, moreover, is no proof that these rocks are of sedimentary origin. 
Foliation in amphibole rocks, as we have already seen (see anée), is often the 
result of lateral pressure. Since the above remarks were written and set up in 
type, an instance of the metamorphosis of dolerite into hornblende-schist has been 
described by Mr. J. J. H. Teall, (Q.J.G.S., XLI, p. 133) ; and it is interesting to 
note that he also (p. 138) experienced a difficulty in discriminating between the 
quartz and felspar of the converted hornblende schists of Scourie, similar to 
that which I experienced in the case of Sutlej valley amphibolites, A similar 


1 2nd Edition, p. 242. 
3 Microscopic Petrology, p. 84. 
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difficulty in distinguishing the quartz from orthoclase in a quartz-diorite is noted 
by Fouqué and Michel Lévy in their Minéralogie Micrographique, Part II, Plate 
XXIV. 

I have already, in Part I of this paper, made allusion to several cases 1n 
which the fine-grained foliated amphibole rocks of the Sutlej valley appear as 
intruders in the schists and in the gneissose granite. The Wangtu case deserves, 
I think, some further comment. A sketch of this example is given at figure 1 
of the plate attached to this paper, 

This dyke extends apparently for many miles. Above the junction of the 
Wangar river, there is only one dyke; but between the bridge over the Sutlej at 
Wangtu, and the Wangar river, this apparently splits up into two parallel dykes 3 
The two dykes are bisected by the Wangar river, and the sketch shows their 
appearance in situ, on the smooth face of a rock composed of gneissose granite, 
which overhangs the river on the right bank of the Wangar, atits junction with 
the Sutlej. 

A metamorphosed sedimentary rock might conceivably be squeezed up into 
a crack formed by a rupture of the granite; but this explanation is not, I think, 
applicable to the present case. The foliation of the hornblende rock runs with 
the dyke, and is parallel to the bounding walls of granite. The fine lines of 
hornblende rock (foliated tonalite) between the two dykes, penetrate the granite, 
diverge from each other, unite again, and again diverge, and terminate in the 
upper tongue, in a way that seems to indicate unmistakably that the amphibolite 
ate its way into the granite in a condition of igneous fusion, A like inference 
may also, I think, be fairly drawn from the behaviour of the two tongues which 
have eaten their way into the granite at right angles to the course of the dyke 
from which they emanated. 

At figure 2 I have given a sketch of a portion of what seems to me the same 
dyke which occurs higher up the Sutlej, in the strike of the Wangar dykes, a few 
miles beyond Wangtu. The sudden way the dyke changed its course and bulged 
out at the elbow, at the turning point, can hardly be attributed to contortion. 
The direction of the lines of fine foliation is indicated by the arrows. 

When examined under the microscope, the quartz-diorites and amphibolites 
described in Part II, with scarcely an exception, exhibit structural characteristics 
which show that they have been subjected to great heat and high pressure. 
Taking Nos. 18, 21, 26 and 27 as examples, I find that they contain air or gas 
inclusions, and liquid cavities with moveable bubbles, the bubbles being large 
relative to the area of the cavities, and indicating considerable contraction of 
the liquid on cooling and consequently a previous condition of great heat. They 
enclose numerous microliths containing fixed bubbles, and elongated shrinkage 
cavities, and microliths that have cracked on cooling. There are also gas inclu- 
sions that have deposited mineral matter on cooling, and liquid cavities contain- 
ing gas bubbles. In short, these slices exhibit structural characters consistent 


2 The dyke crosses the river Sutlej obliquely, and then strikes across the Wangar river and 
up inaccessible cliffs. It is physically impossible to follow it. The same dyke, or what appears 
to be the same dyke, reappears several times higher up the Sutlej on the road to Rogi. 
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with their being plutonic eruptive rocks, I see no reason, on the whole, why 
they should not be classed as such. 

It is possible that some of the more metamorphic-looking beds, as for instance 
that from which slice No. 22 was taken, may be highly metamorphosed ash, or 
lava beds, of ancient geological date; and that those of more decided eruptive 
type may be old lava beds melted down and squeezed into a new place; but 
speculations regarding the origin of the latter class seem to bo out of place; it 1s 
enough to know that, even if they had the origin suggested, they must now be 
classed as eruptive rocks. 

Assuming, then, that the dykes of amphibolite in the gneissose pranite aro of 
eruptive origin, it would seem that they were eruptcd prior to the complete 
solidification of the gneissose granite, and consequently, if the views regarding 
the age of the latter expressed in my previous papers’ are sound, it follows that 
they also are probably of tertiary age, At Narchar, at Wangtu, and between 
the latter place and Chigaon, the amphibolite or foliated diorite dykes cut 
through all the varicties of the gueissose granite, but they are themselves cut 
through by dykes of the white oligoclase granite. Sometimes the oligoclase 
white granite dykes run a parallel course with the amphibolite or foliated 
diorite ; sometimes they cut straight across it at right angles; whilst at other 
times they strike up to it, and after having run with it for a little way, pursue 
their former course. 

To sum up my observations on the traps and hornblende rocks; I regard 
the hornblendic traps at Rampur as metamorphosed lavas of lower carboniferous 
age. The hornblende rocks and quartz diorites at Pichwara may be either in- 
tensely metamorphosed lavas, or more probably eruptive rocks consolidated at no 
great depth below the surface; but the amphibolites further to the north are of 
decided plutonic character, and belong to the period of granitic eruption, The 
uniformly hornblendic character of all these rocks I regard as the result of the 
great metamorphic action to which they have all been subjected, resulting in the 
conversion of the pyroxene of basic eruptive rocks into hornblende. 

It may be as well, in conclusion, to offer a few remarks on the stratigraphy 
of the section described in the preceding pages, 

At Jutog, and on Prospect Hill (Simla), we have the limestones of the carbo- 
triassic? series let down by a fault against the Krol quartzites seen at Boileauganj. 
On Jako we have the altered beds of the infra-Krol (lower carboniferous) series. 
The Blaini (upper silurian) magnesian limstones and conglomerates come in on 
the flank of Jako, at the Lakri Bazar, and may be traced a far as the Sanjoli 
Bazar. They are succeeded, on the road to Narkanda, by the Simla slates (middle 
silurians) ; but an anticlinal flexure brings down the carbo-triassics again between 
Fagu and Thiog. The limestones of this series are seen in force between their 


1 Records, XVI, pp. 143, 191, 192. 

2 use this term in a somewhat vague sense. In the N.-W. Himalayas the carboniferous 
limestones appear, at times, to run into the triassic series without a break; but in the absence of 
fossils it is often impossible to say whether, or not, in any given outcrcp, the series is complete. 
On Prospect Hill, for instance, what remaius of these limestones are probably wholly of carboni- 
ferous age. 
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outcrop on the Faégu-Thiog road and the Shaéli peak. The thick series of lime- 
stones seen on the Shah, I now see no reason to doubt, belong to the carbo- 
triassic series. Between the Sh4li and Simla, there is a sudden transition from 
the limestones to the Simla slates, The junction is probably a faulted one, and 
the fault apparently extends to a little north of Fa4gu, for though the Blaini rocks 
are seen to the north and to the east of Thiog, they do not crop out, as they 
ought to do, on the road-side between Fagu and Thiog. 

North of Thiog the limestones and slate rocks of the Blaini and infra-Krol 
series dip under massive quartzites, which doubtless represent the Krol quartzite. 

A little beyond Mattidna schistose calcareous beds come in, which I apprehend 
are highly altered numbers of the Krol series. Somewhere between these beds 
and Narkanda, I think the existence of a fault must be assumed. Some of the 
beds here displayed remind me very much of the mica schists of Jako, and it 
seems open to us to suppose that their metamorphism is due to the causes which 
have conduced. to the metamorphism of the Jako beds; but near Narkanda, we 
come, on the flank of Hattu, to beds of gneiss. 

The microscopic examination of the Hattu gneiss, contrary to my then 
expectations, did not favour the hypothesis that this rock had an eruptive 
origin,? and I see no reason to class it with the gneissose granites. 

But even if we discard the gneiss beds from consideration, the schists exposed 
at Narkanda, on the road to Kotegarh, are mica schists of an extremely pro- 
nounced type, and I do not think they can be younger than of lower silurian age. 

Assuming their age to be that here assigned to them, and assuming the 
existence of a fault between Mattiana and Narkanda, the section onwards may 
be described as follows. At Narkanda the oldest rocks are found at the point 
of highest altitude ; whilst at Rampur we have the younger rocks occupying the 
valley of the Sutlej. The dip is north-easterly; and, according to my view, the 
older rocks dip under younger ones, and we have a regular sequence of rocks 
between Narkanda and Rampur, beginning with the lower silurians (or ram- 
brians P) at Narkanda, and ending, at Rampur, with the volcanic series of lower 
carboniferous age. 

The Simla slates in this series are probably represented in part, by the 
micaceous rocks near Kotgarh, and by the thick series of silicious rocks between 
Kotgarh and Narkanda. The argillaceous element probably gave way in this 
region to the arenaceous. 

At Rampur we find a fault along the axis of a synclinal flexnre. The Krol 
quartzite is again brought up, and the volcanic series follow m inverted order. 
The quartzites, which to the north of Rampur follow the volcanic series (I do 
not allude to the quartzites intercalated with the traps) represent, in my opinion, 
the quartzites seen in the southern wing of the syncline between Narkanda and the 
Nogli stream ; but the infra-Krol carbonaceous beds, so typically developed south 
of the Nogli, have disappeared from the section north of Rampur. These beds 
may either have been cut off by the fault which, on my interpretation of the 


1 See remarks on slices 51—658, Recorda, XVII, pp. 60, 61, in which I reeorded my conviction, 
based on microscopical evidence, that these specimens were “metamorphic” rocks. 
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section, must be placed between the northern boundary of the volcanic series and 
the quartzites ; or they may have thinned out. 

The quartzites beyond Rampur are conformably succeeded, first by white 
mica schists that resemble some lower silurian bedsi n the Dalhousie area; then 
by mica schists of a pronounced type, and finally by gneissic beds, the folia of 
which are greatly crumpled, and which, I doubt not, are altered sedimentary beds 
of lower silurian or cambrian age. 

According to the view expressed above, the two outer ends of a long synclinal 
flexure are occupied by the older rocks, with the younger rocks in the middle. 
The older rocks dip under the younger from Narkanda down to the Nirat out- 
crop of the gneissose granite; whilst from Rampur to Gaora the rocks are in 
inverted order, the younger dipping under the older. Between the Nirat outcrop 
of the gneissose granite and Rampur, the younger rocks have been considerably 
crushed, especially at Nogli; and the squeeze has been so great that though the 
voleanic series present, as I believe, a regular sequence from the Krol quartzite at 
the Nogli up to the fault at Rampur, and from the Krol quartzite at Rampur up 
to the northern boundary of the volcanic series, yet the Krol quartzite has been 
brought into contact with the highest beds of the volcanic series and a divergent 
dip imparted to the volcanic beds on either side of the Rampur fault. That the 
younger beds in the middle of the long synclinal fold stretching from Gaora 
to Narkanda should have been subjected to such intense compression is hardly 
surprising, for they must have suffered, not only from the tangential pressure 
which produced the synclinal fold, but also from the compression caused by the 
intrusion of the Nirat gneissose granite. 

There is a fault at the end of the southern wing of the syncline, to the south 
of Narkanda, another along the axis of the syncline at Rampur, and a third 
between Kampur and Gaora. 

Between Gaora and Wangtu no new sedimentary beds come in. 

The gneissose granite penetrates the southern wing of the syncline in the 
middle of the infra-Krol (lower carboniferous) series. In the northern wing 
it intrudes much lower in the series, appearing in the lower silurians and (? ) 
cambrians. 

The quartz-diorite or amphibolite appears in the northern wing of the anticline 
only, and it evidently belongs to the period of granitic eruption, In my papers 
in Vol. XVI already referred to (see foot note ante) I adopted the view that 
the gneissose granite was erupted in tertiary times, and I have since seen no 
reason to modify that conclusion. 

In offering the above remarks on the stratigraphy of the Simla and Wangtu 
section, I am deeply sensible of the danger of framing theories based on road-side 
observations along a single line, before the neighbouring country is surveyed and 
mapped by a competent geologist; but as there seems no immediate prospect of 

this being done, and as the task, whenever it is undertaken, will be a long i 
laborious one, it may not be out of place to record the impressions that havgbeen 
left on my mind by the facts at present available, 

A modification of the interpretation of the Narkanda-Wangtu seftion pro- 
posed above, that might suggest itself to some minds, is that the a rocks, 
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the Krol quartzite, and the volcanic series were deposited in a basin formed by the 
denudation of older rocks; but this view is not favoured by the fact noted in Part 
I of this paper; namely, that there is a gradual decline in the metamorphism of 
the rocks from Kotgarh down to the black infra-Krol beds. However, were this 
modification to be adopted, the general features of the section would remain the 
same as that suggested above ; we should still have a broad synclinal fold with the 
older rocks on the outer flanks and the younger rocks in the middle; we should 
have the volcanic series and the Krol quartzite compressed together, and ruptured 
by a fault, the older beds on one side of the fault being brought into contact with 
the younger beds on the other side, the beds on one side being in inverted order. 


ADDITIONS TO THE MUSEUM. 
From 1st OctoBER To 3lst DrecemseErR 1885. 


Fibrous quartz, pseudomorphous after crocidolite, from Griqualand, South Africa. 
PRESENTED BY Mr. W. THEOBALD. 
Two small pieces and some fragments of the meteorite that fell near Sabetmahet village, at 
Muthura-ghat (N. Lat. 27° 35’, E. Long. 82° 7’), 11 miles N. W. of Balrampur, 
Gonda District, Oudh, on the 16th August 1885. The weight of the two pieces and 
fragments is 2°84 grammes. 
From tHe Deputy CoMMISSIONER OF Gonba, OuDH. 
A specimen of galena, from the Thandiana range, Abbottabad Tahsil, Hazara District, 
Punjab. 
PRESENTED BY THE DEPUTY CoMMISSIONER OF HazaRra. 
Specimens of slate from the Kharakpur Hills, near Monghyr. 
PRESENTED BY Messzs. AMBLER & Co. 
Five cut and partly polished blocks, and a cup and saucer of potstone (extensively used for 
idols, vessels, &c.) from Pattarkatti, 20 miles N. N. E. of Gayd. 
From THE PusLic Works VEpaRtMENT, CaLcurta. 


ADDITIONS TO THE LIBRARY. 


From lst Octroser To 3lst DEcEMBER 1885. 
Titles of Books. Donors. 
ANDRE, Dr. A.—Die Oligocinschichten im Elsass. 8° Strassburg, 1884. 
STRASBURG UNIVERSITY. 
Becker, George F’.—Impact friction and faulting. 8° Pam. New Haven, 1885. 
THz AvurHor. 


<i The geometrical form of volcanic cones and the elastic limit of lava. 

\ 8° Pam. New Haven, 1885. Tus AUTHOR. 
\.Brezina, Aristides.—Die Meteoritensammlung des K. K. Mineralogischen Hofkabinetes in 
“*Y Wien am 1 Mai 1885. 8° Wien, 1885. Tas AvTHoR. 
“,an’s Klassen und Ordnungen des Thier-Reichs. Band I, Protozoa, lief. 29-34; Band 

Bron II, Porifera, lief. 11; and Band VI, Abth. 4, lief. 11-12, and Abth. 


\ 


. 6, lief. 28. 8° Leipzig, 18865. 
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Titles of Books. Donors. 

Catalogue of the collection of rough Diamonds, now on exhibition, by Tiffany & Co. 8° Pam. 
New Haven, 18835. 

Daeincovet, Dr.—Annuaire géologique universel et guide du géologue autour de la terre 
dans les Musées, les principales collections et les gisements de fossiles et 
de minéraux. 8° Paris, 1885. THe Avurnor. 

Dana, James Dwight.—Origin of Coral Reefs and Islands. 8° Pam., 1885. THe AUTHOR. 


Emmons, S. F., and Brcxer, George F.—Geological sketches of the precious metal 
deposits of the Western United States, with notes on lead smelting at 
Leadville. 4° Washington, 1885. Toe AUTHORS. 

Fiscnrr, Paul.—Manuel de Conchyliologie et de Paléontologie Conchyliologique histoire 
naturelle des Mollusques vivants et fossiles, Fasc. 1X. 8° Paris, 1885, 

Guide dans la collection de Méteorites du Muséum d'Histoire Naturelle, 8° Pam. Paris, 


882. Prorrssorn Dausrie. 
Haas, Hippolyt.—Monographie der Rhyncbonellen der Juraformation von Elsass-Loth ingen. 
With atlas. 8° Strassburg, 188]. Straspura UNIVERSITY. 


JEanS, H. W.—Nautical Astronomy and Navigation. Part I, 3rd edition, and Part II, 
5th edition. §&° London, 1876 and 1884, 

Justus Perthes in Gotha, 1785—1885. 4° Miinchen, 1885. JuUsTUS PERTHES. 

Kunz, George F.—American gems and precious stones. 8° Pam. Washington, 1883. 


THe AUTHOR. 


s A note on the finding of two fine American Beryls. 8° Pam. Salem, 
1884. THE AUTHOR. 
s On the Tourmaline and associated minerals of Auburn, Maine. 8° Pam., 
New Haven, 1884. THE AUTHOR. 

_ Andalusite from Gorham, Maine. 8° Pam. New Haven, 1884. 
; Tor AUTHOR, 
4 The white garnet from Wakefield, Canada. 8° Pam. New Haven, 1884, 
THE AUTHOR. 
5 : Topaz and associ@ted minerals from Stoneham, Oxford County, Maine. 
8° Pam., Salem, 1884. THE AUTHOR. 
6 On three masses of meteoric iron from Glorieta Mountain, near Canoncito, 


Santa Fé County, New Mexico. 8° Pam. New Haven, 1885. 
THz AUTHOR. 
Linpstrom, G.— List of the fossils of the upper silurian formation of Gotland. 8° Pam. 
Stockholm, 1885. THE AUTHOR. 
Macxkenziz, Alexander.—Report on current-meter observations in the Mississippi river, 
near Burlington, Iowa, during October 1879. 8° Washington, 1884, 
GOVERNMENT oF INpIa. 
Mining and mineral statistics of the United Kingdom of Great Britain and Ireland, includ- 
ing lists of mines and mineral works for 1884. Fisc., London, 1885. 
GoVEENMENT oF INp1a. 
Monpvy, Edmund F.—Mineral, mining, and metallurgical exhibits at the Calcutta Inter- 
national Exhibition, 1883-84. 8° Calcutta, 1885. THe AvurHor. 
NEWLANDS, John A. R.—On the discovery of the Periodic Law, and on relations among the 
atomic weights. 8° London, 1884. Toe Avuruor. 
Nozriixe, Fritz.—Die Fauna des samlandischen Tertiars. With atlas of plates. 8° and 4° 
Berlin, 1885. THE AUTHOR. 
Official report of the Calcutta International Exhibition, 1883-84. Vols. I—II. 8° Cal- 
cutta, 1885. GOVEBNMENT OF Inpta. 
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Titles of Books. Donors. 
Paléontologie Francaise. lre série. Animaux Invertébrés, Terrain Jurassique. Livr. 79. 
8° Paris, 1885. 
Porves, J. C.—Esquisse géologique de L’ Ile d’ Antigoa. 8° Pam. Bruxelles, 1884. 
THe AUTHOR. 
QueEnstTept, fr. Aug.—Handbuch der Petrefaktenkunde. Auflage III. Lief. 24—25. 
8° Tiibingen, 1885. 
Reports of the Inspectors of Mines to Her Majesty’s Secretary of State for 1884. Flsc., 
London, 1885. R. A. Dept., GOVERNMENT OF INDIA. 
Stewart, Balfour, and Grr, W. W. Haldane—Lessons in elementary practical Physics. 
Vol. I. 8° London, 1885. 
The Norwegian North Atlantic Expedition, 1876—1878. Zoology. Crustacea, by G. O. 
Sars.I and Ib. 4° Christiania, 1885. THE COMMITTEE. 
Van Hiszr, C. 2.—Enlargements of hornblende fragments. 8° Pam. New Haven, 1885. 
THe AUTHOR. 
Vitta, Giovanni Battista.—Rivista geologica dei terreni della Brianza. 8° Pam. Milan, 
1885. Tae AvTHOR. 
Warp, Thomas H.—The Indian Coal Mines. Is legislation necessary to regulate their 
working P A review of a paper by Joseph Chater. 8° Pam. Calcutta, 1885. 
THE AUTHOR. 


PERIODICALS, SERIALS, &c. 


American Journal of Science. 8rd series. Vol. XXX, Nos. 177—179. 8° New Haven, 1885. 
THe Eprrors. 
American Naturalist. Vol. XIX, Nes. 7—9. 8° Philadelphia, 1885. 
Annalen der Physik und Chemie. New Folge. Band XXVI. heft. 1—3. 8° Leipzig, 
1885. 
Annales des Mines. 8™¢ série. Tome VII. livr. 3. 8° Paris, 1885. 
DEPARTMENT OF MINEs, Pazis. 
Annales des Sciences Naturelles. Botanique. 7me série. Tome II, No. 1. 8° Paris, 1885. 
Annales des Sciences Naturelles. Zoologie et Paléontologie. 6me série. Tome XIX, No, 1. 
8° Paris, 1886. 
Annals and Magazine of Natural History. 5th series. Vol. XVI, Nos. 94—96. 8° London, 
1886. 
Archiv fir Naturgeschichte. Jahrg. LI, heft 2—3. 8° Berlin, 1886. 
Atheneum. Nos. 3020—3033. .4°.London, 1885. 
Beiblitter zu den Annalen der Physik und Chemie. Hand IX,.Nos. 9—11. 8° Leipzig, 
1886. 
Bibliathéque-Gniverselle. Archives des Sciences Physiques et Natureiles. 3me période. 
Tome aLY, Nes. 7—8. 8° Genéve, 1686. 
Bibliothéque Universelle et Revue Suisse. 8me période. Tome XXVIT,‘No. 81, and 
XXVIII, No. 82. 8°’Lauganne, 1885. 
Botanischer ‘Jahresbericht. Jahrg. X, Abth. II, heft 2, & XJ, Abth,I, heft 1. 8° Berlin, 
1885. 
‘Botanisches Centralblatt. ~Band‘XXKIIT, No. 10, to XXIV,.No. 10. 8° Cassel, 1885 . 
‘ Chemical News. “Vol.“LII, Nos. 1346—1359. 4° London, 1885. 


\ 
} 
\ 


. \ 
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Titles of Books. Donors. 

Colliery Guardian. Vol. L, Nos. 1289—1302. Fol. London, 1886. 

Das Ausland. Jahrg. LVIII, Nos. 35—49. 4° Stuttgart, 1885. 

Geological Magazine. New series. Decade III, Vol. 11, Nos. 10~—12. 8° London, 1885. 

Iron. Vol. XXVI, Nos. 661—674. Fol. London, 1885. 

Journal of Science, 3rd series. Vol. VII, Nos. 140—142. 8° London, 1885. TH Enprtor. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. 5th series. 
Vol. XX, Nos. 125—127. 8° London, 1885. 

Mining Journal, with supplement. Vol. LV, Nos. 2611—2624. Fol. London, 1885. 

Nature Novitates. Nos. 17—23. 8° Berlin, 1885. 

Nature. Vol. XXXII, No. 828 to Vol. XXXIII, No. 841. 4° London, 1885. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Jahrg. 1885, Band II, 
heft 3. 8° Stuttgart, 1885. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Beilage-Band IV, heft 1. 
8° Stuttgart, 1885. 


Petermann’s Geographische Mittheilungen. Band XXXI, Nos. 9—11. 4° Gotha, 1885. 
Professional Papers on Indian Engineering. 3rd series. Vol. III, No. 11. Fisc., Roorkee, 
1885. Tromason CoLLEGE oF CiviL ENGINEERING. 


Qaurterly Journal of Microscopical Science. New series. Vol. XXV. No. 100. 8° 
London, 1885. 
Zeitschrift fiir Naturwissenschaften. Folge 4. Band IV, heft 3. 8° Halle, 1885. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


BeneGat.—Quarterly Bengal Army List for lst October 1885. No. 94. 8° Calcutta, 1885. 


GOVERNMENT oF INDIA. 

Bompbay.—Brief sketch of the Meteorology of the Bombay Presidency in 1883-84 and 1884- 
85. Fisc. Bombay, 1884—1885. 

METEOROLOGICAL DEPARTMENT, Bombay. 

Fe Gazetteer of the Bombay Presidency. Vols. XVII, XVIII, parts 1-3, XIX and 


XX. 8° Bombay, 1884-85. Bombay GovVERNMENT., 

e Selections from the Records of the Bombay Government. New series. No. 173. 
Flsc. Bombay, 1885. BomMBay GOVERNMENT. 

Bartisa Borma.—Report on the administration of British Burma during 1884-85. Flsc, 
Rangoon, 1885. Curs¥F CoMMISSIONER, British Burma. 


CentraL Provincrs.—Report on the administration of the Central Provinces for 1884-85. 
4° Nagpur, 1885. 
CuHrEF COMMISSIONER, CENTRAL PROVINCES. 
Inpra.— Annual statement of the trade and navigation of British India with Foreign Couns 
tries, and of the coasting trade of the several presidencies and eae 
in the year ending 3let March 1885. Vol. I, No. 19 Foreign Trade/ and 
II, No. 19 Coasting Trade. 4° Calcutta, 1885. 
GOVEBNMENT Of Inpra. 
» Indian Meteorological Memoirs, Vol. II, part 5. 4° Calcutta, 1885. * 
METEOROLOGICAL DEPARTIgNT, INDIA. 
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Titles of Books. Donors. 
Inp1a.—Meteorological observations recorded at six stations in India in 1885, reduced and 
corrected. May to August. 4° Calcutta, 1885. 
METEOROLOGICAL DEPARTMENT, INDIA. 
» Report on the administration of the Meteorological Department of the Government 
of India in 1884-85. 4° Calcutta, 1885. 
METEOROLOGICAL DEPARTMENT, INDIA. 
»» List of civil officers holding gazetted appointments under the Government of India 
in the Home, Legislative, and Foreign Departments on Ist'July 1886. 
8° Calcutta, 1885. Home DEpartTMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Batavia.—Notulen van het Bataviaasch Genootschap van Kunsten en Wetenschappen. Deel 


XXIII, afl. 2. 8° Batavia, 1885. TuE Society. 

» Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXX, afl. 5. 8° 
Batavia, 1885. THE Socrery. 
Berum.—Abhandiungen der Konig. Akademie der Wissenschaften zu Berlin. 1884. 4° 
Berlin, 1885. Taz ACADEMY. 

re Sitzungsberichte der K6niglich Preussischen Akademie der Wissenschaften. Nos. 
XL—LIV. 8° Berlin, 1884-1885. Toe ACADEMY. 


»  Congrés géologique international. 3me session, Berlin, 1885, Rapports de la com- 
mission pour l'uniformité de la nomenclature. Par G. Dewalque. 8° 


Beilin, 1885. THE CoNGRESS. 
Botoena.—Memorie della Accademia delle Scienze dell’ Istituto di Bologna. 4 série. 
Tomo Y. 4 Bologna, 1883. THE ACADEMY. 


Boston.—Catalogue of the State Library of Massachusetts. 8° Boston, 1880. 
THe Library. 
Proceedings of the American Academy of Arts and Sciences, New series. Vol. 
XII. 8° Boston, 1885. Tur ACADEMY. 
BrusseLs.—Annales de la Société Malacologique de Belyique. 2™”° série, Tome XV, and 
3™° série, Tome IV. 8° Bruxelles, 1880 and 1884. Tuer Society. 
Procds-Verbaux des Séances de la Société Royale Malacologique de Belgique. 
Tome XIV, pp. 1—80. 8° Bruxelles, 1885. THe Socizry. 
Annales du Musée Royal d'Histoire Naturelle de Belgique. Tome IX, pt. 4, 

and XI, pt.5. With 2 vols. of plates. 4° Bruxelles, 1885. 
Tor Mousrvm. 
Bulletin de la Société Royale Belge de Géographie. Année IX. No. 4. 8° 
Bruxelles, 1885. Tas Soctiery. 
BuparEst.—General index simmtlicher publicationen der Ungarischen Geologischen Gesell- 
db. echaft, von 1852—-1882. 8° Budapest, 1884. Tue Society. 
Pe Geologische Mittheilungen der Ungarischen Geologischen Gesellschaft. Band 

‘tama. XIV, Nos. 9—12, and XV, Nos. 1—5. 8° Budapest, 1884—1885. 
THE Society. 
”\. ae Erlaéuterungen zur geologischen specialkarte der Linder der Ungarischen 
New Krone. Blatt gxxrx. With map. 8° Budapest, 1985. 

Royat Hunearian Gzorogicat Insrrroms 
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Titles of Books. Donors. 

buparest.— Mittheilungen aus dem Jahrbuche der Kin. Ungarischen Geologischen Anstalt. 

Band VII, heft 2—4 8° Budapest, 1885. Tue INstitore. 

Buenos Arrks.—Actas de la Academia Nacional de Ciencias en Cordoba. Tomo V, 

Nos. 1—2. 4° Buenos Aires, 1884. THe AcaDEMY, 

” Boletin de la Academia Nacional de Ciencias en Cordoba (Republica 
Argentina). Tomo VII, No. 3—4. 8° Buenos Aires, 1884£—1885. 

THE ACADEMY. 

Catcurta.—Catalogue of the remains of Siwalik Vertebrata contained in the Geological 

Department of the Indian Museum, Calcutta. Part I, Mammalin By 

R. Lydekker. 8° Calcutta, 1885. GrEoLoGicaL SurvEY oF Inpia. 


= Palzontologia Indica. Series 1V, Vol. I, part 5, and Series XILI, Vol. I, part 5. 
4° London and Calcutta, 1885. GEOLOGICAL SURVEY oF Inpia. 
= Records of the Gevlogical Survey of India. Vol. XVIII, part 4. 8° Calcutta, 
18885. GEOLOGICAL SoRVEY oF INvIa. 
- General report on the operations of the Survey of India Department, adimiuis- 


tered urder the Government of India during 1883-84. Flsc. Calcutta, 


1885. GOVERNMENT OF INDIA. 
: Survey of India Department. Notes for September and October 1885. FJse. 

Calcutta, 1888. SURVEY OF INv1Ia. 
5 Journal of the Asiatic Society of Bengal. New series. Vol. LIV, part II, 

No. 3. 8° Calcutta, 1885. THE Society. 
‘j Proceedings of the Asiatic Soviety of Bengal. No.8. 8° Calcutta, 1885. 


THE Socigry. 
CAMBRIDGE.—Proceedings of the Cambridge Philosophical Society. Vol. V, pt. 4. 8° Cam- 


bridge, 1885. Tug Socliery, 
CamBkipav, Mass.—Memoirs of the American Academy of Arts and Sciences. Vol. X, 
No. 3, and XI, pt. 2, No. 1. 4° Cambridge, 1874 and 1885. 

* THE ACADEMY. 

Voll. 8° Denver, 1885. 
THe Society, 
EvinpurGo.—The Scottish Geographical Magazine. Vol. I, Nos. 10—12. 8° Edinburgh, 
1885. ScotTrisH GEOGRAPHICAL Society, EDINBURGH. 
HaLLE —Abhandlungen der Naturforschenden Gesellschaft zu Halle. Band XVI, heft 3. 
4° Halle, 1885. THE Socrery. 
ie Bericht iiber die Sitzungen der Naturforschenden Gesellschaft zu Halle im Jahre 
1884. 8° Halle, 1884. THE Society. 
LAvsaNNE.— Bulletin de la Société Vaudoise des Sciences Naturelles. 2°° série. Vol. XXI, 
No. 92. 8° Lausanne, 1885. Tae Society. 
Lrypry.—Sammlungen des Geologischen Reichs-Museums in Leiden. Nos, 11—12. 8° 

Leiden, 1885. 

LrveRnroot.—Proceedings of the Literary and Philosophical Society of Liverpool. Vol. 
XXXVIII. 8° Liverpool, 1884. Tue Soctery, 
FA Proceedings of the Liverpool Geological Society. Vol. V, part 1. 8° Liverpool, 
1885. THE Society, 


Lonpon.—Journal of the Anthropological Institute of Great Britain and Ireland, Vol. XV, 
No.1. 8° London, 1885. 


DEnvVER.—Proceedings of the Colorado Ncientific Society. 
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Titles of Books. Donors. 
Lonpon.— Journal of the Iron and Steel Institute. No.1. 8° London, 1886. 
THE INsTITUTE. 


‘ Journal of the Royal Asiatic Society of Great Britain and Ireland. New series. 


Vol. XVII, part 3. 8° London, 1885. THE Society. 
» Journal of the Society of Arts. Vol. XXXIII, No. 1712 to XXXIV, No. 1724. 
8° London, 1885. Tux Socrery. 
» Lists of casts of fossils reproduced from specimens in the Department of Geology 
in the British Museum. 8° London, 1886. British Museum. 
» Proceedings of the Royal Geographical Society. New series. Vol. VII, Nos. 9—10. 
8° London, 1885. Tur Society. 
se Proceedings of the Royal Society of London. Vol. XXXVIII, No. 238. 8° 
London, 1888. Tue Society. 


Proceedings of the Zoological Society of London. Part II. 8° London, 1885. 
THE Society. 


Transactions of the Zoological Society of London. Vol. XI, part 10. 4° London, 


1885. Tux Socrgty. 

a Quarterly Journal of the Geological Society of London. Vol. XLI, No. 163. 

8° London, 1885. THE SocizEry. 
Mapgip.—Boletin de la Sociedad Geografica de Madrid. Tomo XIX, Nos. 3—4. 8° 
Madrid, 1885. THe Society. 
MancueEstER.—Transactions of the Manchester Geological Society. Vol. VIII, No. 11. 8° 
Manchester, 1885. Tue Socrsry. 


MzLpouRNne.—Mineral Statistics of Victoria for 1884. Flsc. Melbourne, 18865. 
Dept. or MINES AND WATER-SUPPLY, VICTORIA. 


The gold-fields of Victoria. Reports of the mining registiars for the quarter 
ending 30th September 1885 Flse. Melbourne, 1885. 
Dept. oF MINES AND WATER-SUPPLY, VICTORIA. 


Transactions and Proceedings of the Roggl Society of Victoria. Vol. XXI. 


8° Melbourne, 1885. THe Society. 
MinnzaPo1is.—Bulletin of the Minnesota Academy of Natural Sciences. Vol. II, No. 
, §&. 8° Minneapolis, 1885. Tue AcaDEMY. 


Monrreat.— Geological Survey of Canada. Report of Progress from 1863 to 1866 and 
for 1872-73. 8° Ottawa and Montreal, 1866 and 1873. 
GOVEENMENT oF INDIA. 


- Geological and Nataral History Survey of Canada. Report on the fossil plants 
of the lower ecarboniferous and millstone grit formations of Canada. 
By J. W. Dawson. 8° Montreal, 1873. GOVERNMENT oF INDIA. 


9s Geological and Natural History Survey of Canada. Palwozoic Fossils. Vol. 
Il, part 1, and Vol. III, part I. 8° Montreal, 1874 and 1884. 

GOVERNMENT OF InpIa4. 

3 Geological and Natural History Survey of Canada. The fossil plants of the 

Krian (Devonian) and Upper Silurian formations of Canada. By J. W. 

Dawson. Part2. 8° Montreal, 1882, GovERNMENT or Inpra. 

» Geological and Natural History Survey of Canada. Preliminary note on the 

geology of the Bow and Belly river districts, N. W. territory, with special 

reference to the coal deposits. By George M. Dawson. 8° Montreal, 1882. 

GovERN MENT oF InDi4. 
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Titles of Books. Donors.: 
MontTREaL.—Geological and Natural History Survey of Canada. Contributions to the 
Micro-Palmontology of the Cambro-Silurian rocks of Canada. By Arthur 


H. Foord. 8° Ottawa, 1883. GOVERNMENT OF INDIA. 

% Geological and Natural History Survey of Canada. Mesozoic Fossils. Vol. I, 
part 3. 8° Montreal, 1884, GovERNMENT OF INDIA. 
Moscow.—Bulletin de la Société Impériale des Naturalistes. Tome LVIIJ, No. 4, and 
LIX, Nos. 1—3. 8° Moscou, 1884—1885. THE Socizrr, 

“s Nouveaux Mémoires de la Société Impériale des Naturalistes. Tome XV, livr. 1. 

4° Moscou, 1884. Tus SocrEry. 


NewoastLk-on-TyNE.—Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXIV, parts 5-6. 8° Newcastle-on-Tyne, 
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RECORDS 


THE GEOLOGICAL SURVEY OF INDIA. 
Part 2.] 1886. [May, 


Notes on the Geoloyy of parts of Bellary and Anantapur Districts, by R. B. 
Foorg, F.G.8., Superintendent, Geological Survey of India. (With a map.) 


The tract of country here described has in plan a rough resemblance to an 
. hour-glass lying on its side, the length of the hour-glass 
orn Gr nee boing 88 milos its smallest width 15 miles, ic co 
versed by the Haggari river (or Vedavati, of the map) ; and its greatest, at its 
western end, 38. The fiscal divisions included within this irregular arca are, —the 
greater part of Gooty taluq, the southern half of DBellary taluq, nearly the whole 
of Hospett talug, the whole of the Sandur State, and the north-castern corner 
of Kudlighi talug beside the northernmost extremity of the Mysore territory. 

Three principal groups of rocks occupy the area above defined. The youngest, 

liga nekeecup or third, being formed by the alluvia of the Haggari, the 
Tungabhadra, and their tributarics. They cover a small 
areca, and are of very small importance. To the alluvia may be reckoned some 
ree gravel formations of no great extent and sinall thickness, 
which are scaticred here and there over the surface of the 

older rocks. 

The second group consists of a very important scries of schistose rocks 

which occurs in bands overlying the gneissic rocks, which 

Dharwar system. : 

od latter constitute the first and oldest group and cover by 
Gneissic system. 
far the largest area. 

The second or schistose group was formerly regarded as belonging tothe great 
gnoissic system of South India, and described as such (cide Memoirs, Vol. XII, 
pp. 38—54) ; but since then a fuller examination of several of the bands has 
yielded evidence amply justifying their separation into a distinct system. Ay 
already shown in my memoir on the geology of the South Mahratta country, 

just referred to, and in my papcr on a traverse across the 

ex niarwar or sehistose Mysore gold-fields (supra Vol. XV, 1682), a considerable 

number of bands of smmilar charaet¢r cross the gneissic 
B 
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area both north and south of the tract now under consideration and cut it up 
into similar but, as a rule, considerably wider bands. 


Hight such bands have been recognized so farand named after the principal 
aie ce Gesns towns standing within their limits; but we are only con- 
under report, cerned with three in the Bellary-Anantapur country so 
far as it has as yet been surveyed. These, taking them 
from east to west, are:—1, the Pennér-Haggari band, an unquestionable exten- 
sion of the great Hunugunda band in the Raichur Doab;' 2, the Sandur hills 
band, including the Copper hills south of Bellary town; and 3, the Dambal-Chick- 
nayakanhalli band, which runs through the Hadagalli and Harpanhalli talugs 
(the most westerly extremity of Bellary District), connecting the schistose rocks 
of the South Mahratta country with those of Mysore. Another band of the 
schistose rocks which however does not touch the Bellary territory, but lies well 
to the west of it, deserves mention, and this is the great Dharwar-Shimoga 
band, the broadest and most important of all as far as yet known. 

The schistose rocks forming this band near Dharwar, and still more in the 

central part, near Shimoga and Honnali (Mysore), show 

Name of Dharwar sys- ‘ : 

tem why given, much less metamorphism than elsewhere generally ; and it 

was here that I was for the first time forcibly impressed by 
the necessity of trying to establish a separation between these old schists and the 
great granitoid gneiss system of South India. For this reason, and from the fact 
that this band shows the greatest development of the old schists, I have proposed 
to call the new system they form the Dharwar system. 

At the time when I wrote my memoir on the South Mahratta country, I had 
no positive evidence of the unconformable superposition of any of the schist bands 
over the granitoid gneiss of the Southern Deccan, and was inclined to think that 
the schists might possibly belong to more than one series and in parts be inter- 
calated with granitoid beds, as in several sections in the Raichur Doab they 
appear to dip under the granitoid rocks. The examination, however, of the 
Kolar gold-field convinced me that the schist series here forms an undoubted 
synclinal basin sunk in a fold of the underlying gneiss. The study of the Sandur 
hills since then has satisfied me that the schists, or, as they should henceforth be 
called, the Dharwar rocks, rest on the granite gneiss with marked unconfor- 
mity. Further acquaintance with the different bands of the Dharwars leads me 
to believe that they all belong to one system, which was formerly very widely 
developed over the peninsula. How widely has yet to be determined in many 
parts, but it is certain that they were once represented all over the Central 
Deccan and southward as far as the Kolar gold-field, and in all probability as 
far south also as the north-western corner of the Nilgiri massif. 

Additional interest attaches to the Dharwar system from the fact that to it 
belong nearly all the gold-fields at present known in the Peninsula, notably those 
of Kolar, Wyndéd, Hennali and Dambal, besides others less known in Mysore and 
the Bellary, Dharwar and Belgaum Districts. 


2 No place of any importance stands on this band within the limits of the Gooty and Bellary 
taluqs, but it croases both the Haggari and Pennér rivers. 
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The bands of schist by which the Dharwars are now represented in the penin- 

au sula are the remains of great foldings which took place long 

woes of the schist snterior to the deposition of the lower-Vindhyan rocks 

forming the Kaladgi and Kadapa basins. A consideration 

of the section across the several bands where they emerge from under the south- 

ern edge of the Kaladgi basin will show at once that the upheaved Dharwars 

had undergone immense denudation before the deposition of the Kaladgi rocks 

commenced. The jaspery hematite beds of the Dharwar system furnished the 

bright coloured jasper pebbles which are so striking a feature in the basement and 
other conglomerates of the lower-Vindhyan rocks. 

The force which caused the great crumpling of the Dharwar rocks had of 
necessity also much effect on the underlying gneissic rocks, and in various places 
induced a parallelism of folds which produces great semblance of conform- 
ability. The section of the gneiss rocks exposed south of the southern 
end of the Sandur band shows the gneiss to have been affected by an anterior 
process of crushing from pressure acting in a more or less east and west direction. 
This is noteworthy as it shows that the peninsula was affected at no less than four 
periods by great approximately east to west, or west to east, thrusts, the two 
already noted and two latcr ones by which the Kadapa and Karnul rocks were 
respectively crumpled up into the great foldings they now show. Of these the 
last would seem to have been much the least energetic. 

A brief description of the chief petrographical characters of the gneissic and 
Dharwadian rocks will suffice for the present, the full description being re- 
served for the final memoir on the geology of the Bellary-Anantapur country. 
By the time that has to be written, it is hoped that many of the more important 
rocks will have been examined microscopically. 

The intrusive rocks penetrating the gneiss and the Dharwars are of consider- 


: able importance, and often form markcd features in the 
Intrusive rocks. 


geological landscape. Two ordinary forms of intrusive 
rocks were noted, granite veins and trap dykes,which will be described further on. 


Another intrusive rock of great interest is a tuff-agglomerate of undetermined 
age, which forms a so-called ‘‘ neck” piercing the gneiss close to Wadjra Karur, a 
famous diamond-yielding locality 10 miles south of the Guntakul railway junc- 
tion. This will be described further on. The external resemblance of the agglo- 
merate to the matrix in which the famous Kimberly diamonds occur, has caused 


it to be very elaborately prospected, but unfortunately without any satisfactory 
result. 


IL——The Gneissic Rocks. 


By far the greater part of the gneissic area is occupied by highly granitoid 
rocks, which are also far more conspicuous than the well-foliated gneisses. Ex- 
cepting in the various groups of rocky hills which are scattered about the Bellary-- 
Anantapur country, the gneissics are generally very little seen owing to the grat 
and continuous sheets of regur which form so characteristic a covering off the 
great plains in this part of the Deccan. In many of the few outcrops foundf/within 
the urea of the regur spreads the gneiss is in too advanced a state 
position to allow of anything but the roughest determination of its nat, 
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Speaking generally, the gneissic area within the tract under review is occupied 
4 ; by two principal varieties of granite gneiss,—the one a fine 
Two principal varie- ; ‘ ; 5 ‘ 
ties of granite gneiss; °F medium-grained reddish or grey variety which occurs 
in the eastern part of the tract, the other a coarse-grained 
often strongly porphyritic variety which forms the mass of the rocks in the 
central and western parts. Both are markedly felspathic in composition. 

Some of the fine-grained pink varieties occurring in the eastern parts are so 

homogeneous in structure as to be hardly distinguishable 

a BORE EInOS Tene: from felsites. The rocks here have undergone an extra 

degree of metamorphism and have lost nearly all traces of their original lamin- 

ation, so that they are often very hard to distinguish from the veins of intruded 

granite. They are greatly cut up by a system of north and south jointing, which 
is often so largely developed as to simulate true bedding very strongly. 

The most remarkable accessory mineral in this part of the gneiss is pistacite 
which occurs very largely in veinlets and in films lining the sides of planes of 
jointing. It is common, too, in grains in the mass of the rock. Where the rock 
is much weathered, as it often is, the country is thickly strewn with fragments 
showing brilliantly yellow-green pistacite, contrasting in a very pleasing way 
with the red or bright-pink felspar. 

This pistacite is specially characteristic of the granite gneiss at and around 
Mauddikeri (Muddykerra), afew miles north-east of the Guntakul railway junction, 
Much pistacite in films occurs also on the joint planes in blocks of diorite in the 
great trap-dykes of this region. 

This pistacite would appear to be the vivid green mincral Newbold so often 
notes in his paper on this part of the Deccan as “ Actinolite.’’ I did not see a 
single crystal or speck of true actinolite in the Bellary-Anantapur country ; the 
pistacite, on the contrary, is of very common occurrence almost everywhere. It is 
less common, but by no means uncommon, in the very coarse porphyritic, variety 
of granite gneiss so largely developed to the westward of the Pennér-Tunga- 
bhadra band of the Dharwars, and which constitutes the typical Bellary gneiss. 

The porphyritic gneiss is admirably displayed in the Fort and North hills at 

i cannihcestie patie Bellary itself. The rock is largely traversed by great 

ace ve joints, by which it is cut up into great masses. One of the 

most constant of the master joints is a nearly horizontal.one which often gives the 
scarps an almost artificial mural appearance. 

The weathering action of the atmospheric agencies attacks the various blocks 
along the joint planes, and penetrates very equably in most cases. In some parts 
of the rock, however, there is a decided tendency to concentric spheroidal weather- 
ing ; and where this is the case, the rate of decay appears to be very much greater 
_ than elsewhere. 

‘“.. The foliation or lamination of the rock is generally obscure, but occasionally 
chews well. The bedding of the rock is rarely recognizable on the spot, but is 
often very clear when seen from a distance. 

The freshly-broken granite gneiss is generally of grey or greyish pink or 
purplish colour, and weathers pink or brownish-pink. The prevalent felspar is a 
pink orthoelase. 
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Granite gneiss, very strongly resembling the Bellary beds, occurs east of the 
Haggari river in the Karaka Mukalu (Curraka Mookaloo) and Budihal hills 
near Uravakonda, and also to the N-W-by-W in the Daroji hills, and both sets 
may very reasonably be regarded as extensions of the Bellary beds. 

The fine granite gneiss hills north-cast of Bellary, known as the Peacock hills, 
as also the picturesque group of rather lower hills around Kurgodu consist of a finer- 
grained rarely porphyritic varicty of grey granite gneiss. In colour and the tenden- 
cy to be cut up by planes of jointing into great masses, both varicties agree closely. 
Two of the most remarkable tracts occupied by granite eneiss are the environs of 
Sampi and Anagundi on the banks of the Tungabhadra, 
and the hilly country around Cudikotta, south of the 
Sandur hills. In both tracts the peculiar features of a 
very wild rocky hill region are seen to perfection, 

The Hampi tract is the more interesting, as it includes the extensive ruins of 
the old Hindu city of Vijayanagur, destroyed in 1564, after the great defeat at 
Telikota of Rama Raja by the allied Sultans of Bijapur, Golconda, Daulatabad, 
and Berar. A remarkably beautiful and instructive panorama of this granite 
gneiss tractis to be obtained from the summit of the Martanza Parvatum, a high 
temple-crowned rock rising close to the gorge of the Tungabhadra, The 
tremendous ruggedness of the granite gneiss hills forins a very remarkable con- 
trast to the great fertility of the narrow valleys which run between the hills. 

As already mentioned, typical schistose gneisses are very little developed in 
the country here dealt with. The most noteworthy ex- 
ample of them is a narrow band lying between the por- 
phyritic granite-gneiss band of Bellary, and the range of hills culminating in the 
Copper mountain to the south. The gneisses are badly seen, being much obscured 
by cotton soil on the north, and on the south by an extensive talus of hamatite 
and other schists of Dharwar age washed down from the Copper mountain. 
The principal variety of gneiss here seen is a typical, well-foliated quartzo-horn- 
blendic rock. Its relations to both the granitoid gneiss and the overlying 
Dharwar rocks have yet to be worked out, no section having as yet becn found in 
which they are exposed in juxtaposition. Schistose gneiss is also developed to 
some extent in the valley of the Pennér and to the south and cast of Wadjra 
Karur. 


Tracts of granitoid 
gneiss. 


Schistose gneiss. 


LT.—The Dharwar Rocks. 


The rocks forming this system are very varied in kind, but schistose varieties 
predominate strongly, and give a marked character to all the tracts they occupy. 
The general distribution of the Dharwars in bands has already been amply illus- 
trated; and it has been pointed out that, so far as at present known, three of the 
great bands traverse the Bellary-Anantapur country, of which the two eastern- 
most lie within the surveyed area here described, These are (a) the Pennér- 
Haggari and (b) the Sandur and Copper hills bands. 

a. The Pennér-Haggari band has been traced from the south bank of the 
Pennér, a little east of Udaripi Drig (Ooderpee Droog of 
Sheet 59) across the Gooty taluq north-westward into 
the Bellary talug, and on for a distance of 12 miles as 


The Pennér-Haggari 
band. 
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far as the south end of the Sindygerry hills which it forms. From its geo- 
graphical position there cannot be the slightest doubt that it represents the 
extension of the great Hunugunda schist band which crosses the Raichur 
Doab, and runs through the Hunugunda taluq of Kaladgi District (Bombay 
Presidency), and is lost to sight under the great conglomerates forming the 
base of the Kaladgi basin. Except in the very broken and rugged tract which 
occurs on both sides of the Pennér, the rocks forming the Pennér-Haggari 
band are very much obscured by the great spreads of regur which cover 
the plains of the Gooty and Bellary taluqs. Near the Pennér the prevalent 
rocks are chloritic schists of dark-green colour, which form several minor 
ridges. The schists have been highly metamorphosed, and are traversed by several 
very large dykes of greenish or bluish-black diorite. A band of hematitic schist 
shows to the east of Pedda Paipully (4 miles east of Uravakonda), where 
the band is at its narrowest, having been very greatly denuded. Further to the 
north-west hornblendic and hematitic schists appear, and the chloritic schists 
have given place to a black trappoid hornblendic rock which looks very much 
like a contemporaneous trap, partly converted by pressure into a hornblendic 
schist. Still further north-west, coarse hornblendic schist forms a low bare ridge 
6 miles north-west of Uravakonda. To the north of it is a band of the trappoid 
rock, and to the north-north-west is a low ridge the crest of which consists of red 
jaspery hematite rock with interbedded laminw of fine white and grey cherty 
quartzite. On the south side of the ridge is a show of chloritic schist. Chloritic 
schists, with a band of hematite forming the crests of the Chelgurki (Chailgoorky) 
and Joladarashi hills are the only members of the Dharwar series seen penetrating 
the regur spread as far as the right bank of the Haggari. There are no visible 
outcrops in the bed of the Haggari, and on the left bank the regur spread masks 
everything for several miles. A ridge of hornblendic trappoid rock, probably 
belonging to the Dharwars, protrudes over the regur to the north of the railway 
4, miles east of Bellary. The northernmost part of the band yet surveyed shows 
chloritic schist south of Korlagundi (Kortagoondy of Sheet 58), and hornblendic 
schist north and north-west of the village, while a broad spread of black trappoid 
rock caps the watershed to the south-west and west. 

Except at the south end of this band, close to the Pennér, the boundaries are 
everywhere concealed by cotton soil or other superficial deposits. Where seen, 
the basement bed, a gritty schist, rests on the very rugged surface of the granite 
gneiss. The schist laps round many boss-like inequalities of the gneiss and forms 
a very rugged boundary in consequence. Too little of this band is exposed in the 
Gooty and Bellary talugs to enable one to explain as yet the position it occupies 
with reference to the underlying gneissic rocks. Near the Pennér it certainly 
appears to hold the position of a synclinal fold, sank among the gneissic rocks, 
like the central part of the Kolar gold-field band. This structure, however, can 
hardly obtain throughout the whole length of the band, and, very probably, many 
parts owe their preservation to their having been faulted down by long lines of 
dislocation. This band nowhere exceeds 5 miles in breadth, but is certainly 
of considerable thickness, the beds composing it being tilted up vertically in 
parts, and generally showing very high angles of dip. 
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b. This band of the Dharwar rocks is far the most interesting geological feature 
in the Bellary country, and deserves very close study for 
a ee 4 being that its relations to the underlyin 
per hills band. wo reasons : one being tha ¢ ying 
gneiss arc exposed in various sections; the other, that 
it shows a great thickness of rocks of very varied character thrown into 
varied positions of great interest, and by no means easy of explanation at first 
sight. The area occupied by this band is by no means casy of definition in plan, 
and I must here refer the reader to the map; he will there see that the band 
consists of two roughly parallel divisions united by a short cross belt in the mid- 
dle. The two divisions run nearly north-west and south-east, tho western or 
Sandur hills division forming a synclinal basin in shape like a very pointed 
leaf, the stalk being the southern end. The eastern, or Copper hills, division, 
the structure of which is much less obvious and has not been completely worked 
out, also appears to form a narrow synclinal fold, at least in its southern half. 
The former has a length of about 35 miles ;1_ the latter, so far as traced, measures 
29 miles, from its south-eastern extremity, 7 miles S-S-E of Bellary. Tho 
two divisions include the highest elevations in the district, the castern having 
for its culminating point the Sugadevabetta or Copper mountain, which attains 
the height of 3,148 fect above sea level, while the Sandur basin is surrounded by 
two high ridges which unite to the south. Of the two, tho western appears to 
be rather the higher, and attains an elevation of 3,256 feet at Ramandrig 
and is probably 100 or 150 feet higher still a couple of miles to the southward. 
The height of the two ridges is very nearly equal, and continues so to near 
the northern extremity of the synclinal, when the ground sinks rapidly to 
the north. As seen from a distance from nearly all points the mountain mass 
seems to form a great plateau, and no one would, in looking from a distance, 
everimagine the existence of the great central valley. The vallcy is naturally 
accessible only by three passes, one at the north, close 
ial ccna entered + Hospett, called the Ramanagundi, and the two gorges 
cut by the Narihalla river through the east and west 
ridges respectively. These two gorges afford the best scctions of the central 
part of the synclinal, and are very beautiful approaches to the town of Sandur, 
which lies very nearly in the middle of the great central valley. Newbold, in 
his paper on the Sandur state,* gave a very graphic description of the two 
passes, 

The section in the western gorge, or Oblagundi, is considerably shorter than 
that in the eastern one, or Bhimagundi, but is a better one as the rocks are much 
more clearly exposed. Owing to the great drought prevailing in the beginning 
of last year, 1885, I was unable to camp in the northern part of the Sandur valley, 
and did not therefore succeed in making as complete asurvey of it as necessary fully 
to understand its structure, Considerable version of the beds on the eastern 
side of the valley has taken place, and I am not quite certain how far this 


1 The extreme north point lies several miles north-west of the Tungabbadra in the Nizam’s 
Territory, and has not yet been visited. 


2 This is a very interesting paper, and well worth perusal, for the little Muhratta State beg 
a more interesting history than many larger ones in the peninsula. 
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inversion has extended westward. What are probably the uppermost axial 
beds of the synclinal appear to be dipping under what are really much lower 
members of the systom ; the following section across the synclinal through the two 
gorges must therefore be accepted as preliminary only. 
Entering from the west by the Oblagundi gorge, and 
proceeding north-eastward, the following succession of rocks is passed over; the 
length of the section is a trifle over 8 miles. 


The Sandur section. 


1. Schist, dark-green, hornblendic. ? 
2. Schist, gritty, browni-b green. 
3. Hematite rock, very thick. 
4, Schist, green. 
5. Hzematite rock. 
6. Schist. 
7 Hematite rock. 
8 Argillite schist, ferreous,—red, brown, and chocolate. 
9. Hematite rock ; the gorge bed. 

10. Trap, contemporaneous. 

11, Hematite rock. 

12. Trap, contemporaneous. 

13 Clay schist. 

14, Trap, contemporaneous. Sandur flow. 

15. Schist. 

16. Hematite rock and schist. ‘ Devadara hill beds. 

17. Schist. 

18. Trap, contemporaneous Hoshalli flow. 

19 Hematite rock. 

20. Schist. 

21. Hematite rock. Bhim Tirth bed. 

22. Schist. 

23. Heematite rock, the gorge bed. 

24, Schist, with contemporaneous trap. 

25. Heematite rock 
' 26. Schist. 

27. Hematite rock. 

28. Schist, 

29. Hematite rock. 

30. Schist, with contemporaneous trap. 

31. Hematite rock. Long cliff bed. 

32. Schist, with contemporaneous trap. 

33. Hematite rock. Brecciated bed. 

34. Schist. 

35. Hematite rock. Ettinahatti bed. 

36. Trap, contemporaneous. 


As yet it isnot possible to correlate the beds on the two sides of the syncli- 
nal, but this may be possible when they shall have been followed up round the 
southern extremity of the basin. 

The great hematite beds give rise to many steep mural scarps, several 
of which along the eastern side of the eastern ridge are of great height and 

Nongth, and from their vivid red colour form a splendid contrast to the patches 
“ich green forest remaining at their base. 
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Another instructive section of the eastern ridge was studied in the ravine 
opening out northward, about half-way between the Bhima- 
gundi gorge and the north-western end of the ridge near 
Hospett. IT will call this the Papanaykanhalli ravine, 
after the village nearest to it, Proceeding downwards from south to north, the 
following series was crossed :— 


Papanaykanhalli sec- 
tion. 


15. Hamatite rock, very jaspideous, much crumpled and brec ciated. 
14, Trap P—a greatly decomposed earthy rock of purple colour. 
13. Heematite rock, very thick, breeciated with small quartz veina. 
12. Trap?— an earthy green and purple rock. 
11. Schists, argillites P—chocolate, and sometimes lavender coloured, 
10. Schists, green chloritic P—a great thickness. 
. Hematite rock, a thin poor bed. 
. Schists, green. 
. Trappoid rock, black. 
. Schists, dark, nearly vertical. 
. Slates, greenish, badly cleaved. 
. Schists, green, silky teature. 
. Schists, green, coarse. 
. Hematite rock, poor. 
Gap. 
. Schist, dark. 
Talus. 


Bed 15 forms the western scarp of the ridge overhanging the central valley 
opposite to Hunshahuti, 

The section across the western ridge at Ramandrig obtained by following the 
ghat road leading up the westeru slope shows the fol- 
lowing series :-— 


te OO um OC 7 O &© 


put 


Ramandrig section. 


8. Schists. 
7. Heematite rock, rather shaley in parts. 
6. Schists, chocolate to red in colour, very ferrcous. 
5. Heematite rock. Prospect point bed. 
4, Schists, dark greenish and blackish, passing into clay slate locally. 
3. Hematite rock. 
2. Schists, dark and light green. 
1. Quartzite, much altered. 
Gneiss. 


On the eastern slope the succession of rocks is continued as follows in ascend- 
ing order stratigraphically, but descending order topographically :-— 
9. Hematite rock. ‘* Red-cliff” scarp. 
10. Argillites. 
11. Trappoid rock, black, contemporaneous. 
12. Hematite rock, in first low ridge, shaley in parts. 
18, Trap, dark-green, contemporaneous. 
14, Argillite, red, ferreous. 
15. Trap, pale-green. 
16. Schists, green ?—hornblendic ? 
17, Trap, contemporaneous. 


The eastern section is by no means clear, the slopes being very largely hidden by 
hematite debris. 
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As before mentioned, it is not yet feasible to correlate the several formations 
on the opposite sides of the synclinal, the section at the 
a poedaingaoe os = the northern end being very obscure and unsatisfactory, while 
that at the southern end has not yet been studied in 
detail. Some of the leading beds in the Ramandrig section may, however, be 
identified with some in the Oblagundi gorge, the western end of the Sandur 
section. For example, the lowest hxmatite of the Ramandrig section (bed No. 3) 
corresponds with bed No. 3 of the Sandur section. ‘ Prospect point” hematite 
bed on Ramandrig can easily be traced by the eye along the flank of the ridge 
into the Oblagundi gorge, where it forms bed No. 7. No, 9, the “ Red cliff” 
hematite bed of Ramandrtg, continues southward and forms the gorge bed No, 9 
of the Oblagundi gorge. The hematite No. 12, and the contemporaneous trap 
No. 13 of the Ramandrig section correspond with Nos. 11 and 12, respectively, 
of the Sandur section. Beyond these I am not prepared as yet to regard any 
correlations as established. 
The extreme north end of the eastern ridge appears to be cut off by a fault 
on the north side of the Hospett hill, but unfortunately the 
eae endof synclinal base of the hill is completely obscured by talus and thick 
soil, so the fault is hard to prove. 

The north extremity of the western or Ramandrig ridge is also very obscure 
from the great hematite talus covering its sides. The hematite beds are inverted, 
and are cut off to the north by a fault, or, what is less probable, die out abruptly. 
Anyhow I could not trace them across the bed of the Tungabhadra, where 
the Dharwars are represented only by massive hornblendic rock. These horn- 
blendic rocks form a great barrier in the river, and give rise to a formidable rapid 
when the riveris at half flood. It is quite impassable by fording, and no boat 
was to be got, so I was unable to follow the rocks into the Nizam’s territory across 
the river. The Dharwars are seen to form some low hills which stretch away 
several miles to the north-west. 

The hsematitic talus, which is almost everywhere a very remarkable feature 
along the base of the Sandur and other hills of Dharwar 
age, completely conceals the junction with the gneiss for 
a distance of 13 miles along the western slope. * 

The boundary then trends a little more to the south and gets away from the 
hematite talus, and the basement beds caz be seen resting on the rugged surface 
of the gneiss and lapping round the various inequalities. The basement beds 
consist of very coarse, gritty, hornblendic, micaceous and chloritic schists, pass- 
ing here and there into coarse, gritty quartzite sandstone, or, more rarely, into 
coarse, gritty talcose schist. Owing to the hummocky character of the underlying 
granite-gneiss surface, the edge of the boundary between it and the Dharwars is 
extremely rugged. This feature cannot be shown, however, on a small scale map. 

Much less hematite talus is seen along the southern slope of the Sandur 
basin than on the eastern and western slopes, but there 
are some very interesting remains of an older talus form- 
ing a terrace at an elevation of 150 to 200 feet above the 
present base of the slope. This terrace, which is very sharply cut, and a conspicu- 


Heematite taluses. 


Old talus forming a 
terrace. 
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ous feature in the landscape especially as seen from the north-west and 
west, extends for about 3 miles along the side of the Komaraswami (Comar- 
samy) plateau, as this part of the Sandur group is called after the famous 
temple of that name which stands in a ravine on the northern side of the plateau. 
The greatest width of the terrace is about ? of a mile, and it slopes up gently but 
increasingly northward. The thickness of the hematitic mass composing the 
terrace is not great, and where seen along the edges nowhere excecds 15 or 20 
feet. The mass is much lateritized by the action of percolating water, and 
shows much pisolitic structure and vermicular tubulation, but was purely ham- 
atitic as far as my examination went. It rests upon a highly decomposed 
surface of granite gneiss. It is evidently of great age, as two outliers of it occur 
on detached hills which have been separated from the main mass by denudation 
extending to a depth of considerably over 100 feet into the undorlying granitoid 
rocks. 
The extreme south end of the Sandur synclinal shows thin beds of horn- 
; blendic and micaceous schists, gritty ferrnginous clay- 
Pontiicnd obsyaclinel schists, and poor hematite rock pik a aes a 
ing unconformably on massive banded grey granite gneiss, which has, as usual, a 
very rugged surface. 
The Madras Government has leased the greater part of the forest tract on the 
Sandur hills from the Rajah, and stopped all jungle fires. Thanks to this, the 
hills yielded an inexhaustible supply of jungle grass which was the only food for 


cattle procurable in that part during the terribly dry months before the advent 
of the south-west monsoon of 1885. 


The Intrusive Rocks. 


The intrusive rocks form no mean feature in the landscape of many parts of 
our area, and cannot be overlooked even in a brief description of its geology, 
They are of two classes, trappean and granitic, the latter being in all probability 
the older in all cases. 

The granitic intrusions are of much less magnitude and importance than the 

fetes tates trappean, and much less widely distributed. The princi- 

ere ee pal centré of occurrence for the former is in the rocky 

hills lying west of Gooty; they are not well marked as a rule. Here the granite 

gneiss, and further south the banded hornblendic gneiss, is preatly cut up by red 
pistacite granite in very irregular veins of all sizes. 

The granite 1s a ternary rock consisting of white quartz, red or pink, ortho- 
clase and bright green pistacite (epidote). Besides the numerous red granite 
veins, the banded hornblendic gneiss near Wadjra Karur is much seamed by 
small and very irregular veins of a close-grained grey or drab, veins of which 
are often anastomosing to a remarkable extent. Query—Arc these not veins of 
segregation ? 

In the coarse varieties of granite gneiss in the western part of our area, in- 
trusive granite veins are not at all common, but veins of 
pegmatite derived from the gneissic mass by segregation 
are very common, but too small and irregular, as a rule, to demand any notice. 


Pegmatite veins in gneiss 
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A few veins of good size of intrusive granite were noticed in the Dharwar 
area at the spot where they are exposed in the bed of the 
Tungabhadra. They are rather pegmatitic in texture 
and composition but well-defined. Many parts of the surface are highly polished 
by the action of the water during the south-west monsoon floods. 

Trap-dykes are of very common occurrence throughout our area, and, with 
very few and unimportant exceptions, consist of dark- 
green or blackish diorite, which is generally homogeneous 
in texture, but now and then markedly porphyritic. Their prevalent strike is 
N-W-by-W, S-H-by-E, with slight variations to north and south. Dykes 
having a N-W to S-E course are not common, and the same may be said of 
those having an E. to W. course. Only a moderate number of dykes have a 
north-easterly course, and only one or two have a north and south strike. A 
great many more exist than have been mapped, their courses not being traceable 
under the great spreads of cotton soil. It is very common to come across a block 
or two of trap peeping up through the regur, but it is impossible, unless there is 
a fair outcrop, to ascertain the strike and dimensions. There are four centres 
where the number of dykes is great :— 


(a) The hilly tract between Gooty and the eastern edge of the great Bellary plain. 

(b) The hilly country on the banks of the Pennér at Udarapi (Ooderpee) Driig. 

(c) The Copper hills synclinal ridge, and the gneissic tracts on both sides of it. 

(d) The gneissic tract between the north side of the Sandur synclinal basin and 

the Tungabhadra. 

Some few dykes cut through the Dharwar rocks as well as the gneiss, but 
they offer no special characters by which to infer that they belong to either 
series, except in two cases where they are very markedly different from the 
normal type of the old dykes. In both these cases the abnormal trap is so highly 

charged with blebs of a creamy white felspar in a dark green 

een: oer matrix, that the rock at a little distance strongly resem- 
bles a coarse pudding-stone. Three large dykes of this blotchy type occur close 
together in the centre of the Pennér-Haggari band of Dharwar rocks, 4 miles 
to the south of the Virapur station of the Madras Railway. A tiny outcrop 
of a precisely similar trap occurs at Chaganur, on the left bank of the Haggari, 
8 miles E.-by-N. of Bellary. Several of the larger dykes form at intervals strik- 
ing black ridges which rise from the plain to a considerable height, sometimes as 
much as 200 to 300 feet. No accessory mimerals of any interest were observed 


in any of the dykes. 


in the Dha: war system. 


Trap-dykes. 


Quartz Reefs. 


Quartz reefs, though not so common as in the neighbourhood of Anantapur 
and Gooty, are by no means wanting in’our area; they mostly run N-W-by-W 
to S-E-by-E. A very fine triple set crests a big hill immediately north of the 
Pattukotta Cheruvu Railway station betwee n Goy andthe Guntakul junction. 
Two very conspicuous reefs form the crests of the Tella Konda and Ragulpa&d 
ridges south-eust and south-west, respectively, of Wadjra Karur. Two important 
and conspicuous reefs form big ridges to the south-west and west of Bellary. A 
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group of three reefs of large size rises to the east of Kamalapur in the Hospett 
talug, and forms the crest of two big hills. And, lastly, a very large and thick 
reef shows in Niddagurti hill, 8 miles S-W-by-W of Sandur town, and extends 
6 or 7 miles W-N-W, rising into a considerable hill in the middle of its course. 


The Tuff-agglomerate at Wadjra Karur. 


Wadjra Karur has for so long a time been famous for its yicld of good 
diamonds that it has naturally attracted the attention of diamond merchants as 
well as speculators. All have been anxious to find out whence the diamonds eanie ; 
but the question would not and could not be answered. A remarkable formation 
of agglomerated tuff appears in a “neck,” piercing the 
highly epidotic granite gneiss lying west of the town. 
This tuff bears a striking resemblance to some of the matrix rock at the diamond- 
diggings at Kimberley in South Africa, and attracted the 
attention of somebody having a knowledge of the African 
mines. A company was thereupon got up to prospect it thoroughly, and this was 
very ably carried out by Mr. Copley, an experienced diamond-digger from 
Kimberley. In partnership with Mr. R. G. Orr (the very enterprizing senior 
partner of the large Madras jewellers’ firm of P. Orr and Sons) and others, 
Mr. Copley made deep sinkings in different parts of the neck and passed a very 
large quantity of promising-looking material through the very perfect washing 
machinery set up. Unfortunately the results were »:l. This is much to be 
regretted; for, had diamonds been found in the tuff, it would have settled the 
question as to at least one original source for them in South India. Mr. Orr 
and his partners were worthy of every success for the very spirited and thorough 
way they went to work in the matter. 

Mr. Copley was most courteous and obliging in allowing me to sec and 
examine all his workings and to take whatever specimens I wished. His pros- 
pecting, though unfortunately so resultless to himself and his partners, was a great 
blessing to a large number of labourers who could have got no other work, because 
the terrible drought had stopped all agricultural work early in 1885. I made avery 
careful study of the tuff “neck,” and its surroundings, but could obtain no evidence 
whatever as to its geological age. This is much to be regretted, as it is so far the 
only example of the kind known in South India. The neck is of considerable 
size and covers an area of several acres, but is much obscured by gneissic debris. 
The tuff being much softer than the surrounding gneiss, its surface has been 
worn into a hollow forming the head of the little valley across which a little 
further S.-E. stands the small town of Wadjra Karur. Here and there the tuff 
assumes the character of an agglomerate, enclosing a moderate number of small 
and large angular masses of the epidotic granite gneiss through which the “ neck ” 
was protruded. Enclosures of no other rock were seen. 

Not the faintest particle of carbonaceous matter is to be scen cither in the 

tuff or the granite gneiss, and it is impossible not to attri- 
° acinar carbona- bute to this the absence of diamonds. Had the “neck” 

passed through highly carbonaceous shales as was the case 
at Kimberley, diamonds would probably have been formed in abundance, 


The “ neck.’’ 


Diamond diggings. 
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That diamonds have been and are from time to time found at and around 
Wadjra Karur cannot be doubted, unless it be assumed that “all men (of that ilk) 
are liars.” I had at least half a dozen spots in the adjoining fields pointed out to 
me where fine stones had been found by men now living in the town, some by pure 
accident, others by men of Bohemian tendencies, who make a point of wandering 
over the country after every fall of rain in the hope of seeing the glint of a 
diamond washed clean by the rain. 

I devoted some days to wandering over the neighbourhood looking after 

traces of old gravels from which the diamonds might have 
: cy o traces of old gra- toon derived, but was utterly unsuccessful whether in the 

bare gneiss country east and south of the place or on the 
regur spread north and west of it. Even in the old diamond-diggings west of the 
town I had no better success. I only got three or four realiy water-worn pebbles of 
dirty reddish-brown quartz which might have come accidentally from any neigh- 
bouring stream. All else was angular or weathered gneiss debris derived from the 
immediate neighbourhood. I had hoped I might get evidence of the former 
existence of gravels formed by disintegration of old conglomerate beds which 
formerly existed in the neighbourhood, for it requires no very great stretch of 
imagination to conceive that the conglomerates of the Kadapa and Kaladgi forma- 
tions once covered the area now intervening between their respective basins and 
extended even much further south. The basement conglomerate of the Karnul 
series which is known to contain diamonds in various places might also have 
extended over the Bellary and Anantapur plains in former geological periods and 
been denuded away, leaving a few diamonds behind as their very last remains. No 
proof of this was obtained, and the question as to whence come the Wadjra Karur 
diamonds remains unanswered. I did not accept only the mere statements as to 
the finding of diamonds there made to me personally by the local natives, but was 
assured both by Mr. R. S. Orr, and by Mr. Matthew Abraham of Bellary, well 
known as a diamond merchant and cutter, that they have repeatedly within the 
last few years bought good stones found there or close by. According to the 
statements made in the Bellary District Manual,' the diamond industry was far 
more important during last century than at present. Mr. R. S. Orr has now a 
Wadjra Karur diamond for sale valued at more than £10,000. Itisa large and 


remarkably fine stone. 
Soil and superficial deposits. 


There is nothing of novelty or special importance to say of these, so I will 
defer their description for the final memoir. 


Economic Geology. 


The economic geology of our tract is of very small interest and importance. 
Nothing but building stone appears to be raised now. The old iron industry is 
nearly extinct. Some hematite is however still quarried at the north end of the 
northern ridge and smelted at Kamalapur to be converted into the large iron 


* Written before the division of the old Bellary District, by Mr. John Kelsall of the Madras 
Civil Service. 
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boilers used there and elsewhere in the district for boiling down sugarcane juice. 
Should the forest conservancy, now energetically carried out, succeed in re-a- 
foresting the Sandur hills, and reducing the present high price of charcoal, it is 
possible that the old industry in the way of chareonl iron might revive, the supply 
of splendid hematite ore being absolutely unlimited. 

No use is made at present of the splendid riband jaspers so largely doveloped 
in the north-eastern ridge of the Sandur hills, but they would supply exquisite 
material for Mosaic work in “ pietri duri,” as would also some of the rich green 
quartzose pniss found on the south side of the Nimchary hills south of Bellary. 


Geology of the Upper Dehing basin in the Singpho Hills, by Tom D. La Toucug, 
B.A., Geological Survey of India. (With a map.) 


The portion of the Singpho hills surveyed by the expedition under Colonel 
Woodthorpe, R.E., during the season 1884-85, includes the whole basin of the 
Dehing river, which enters the plains at the village of Bishi about 60 miles S.-H. of 
Sadiya. The nearest area to this valley that had been geologically examined previ- 
ously was the Makum coal-field, about 45 miles to the west of Bishi, which was de- 
scribed and mapped by Mr. Mallet in 1875.! The rocks there were found to be of 
tertiary age, and were divided by Mr. Mallet into four principal groups, called 
respectively, in descending order, DeLing, Tipam, Coal Measures, and Disang. 
They dip, as a rule, in towards the main axis of the hills, and are travers- 
ed by a great fault, running parallel with the base of the hills, with an up- 
throw to the south, whereby the Disang group has been brought into contact 
with the Tipam group, and the coal measures have been brought to the sur- 
face. This fault apparently dies out towards the east, as though I found the 
coal measures on the lower slopes of Miaobim to the south of Bishi, I could 
find no traces of the Disang group between the plains and the summit of the 
Patkoi. The coal measures on Miaobim were conformably overlaid by rocks 
which correspond to Mr. Mallet’s description of the Tipam group, except that 
they contained none of the fragments of silicified wood which he describes as occur- 
ring in the Tipam sandstones, 

While the expedition was waiting near Bishi till supplies could be collected 
for an advance up the valley of the Dehing, I made an excursion, with Mr. Ogle 
of the Survey, to Maium (6,900 feet), the last high peak of the Patkoi range 
towards the east. On first entering the hills, in the valley of the Namgoi, I observ- 
ed blue sandy shales dipping east at about 30°, and some large fragments of coa.- 
lying on the shingle in the bed of the stream, but I did not find any of the coal 
in situ. I imagine we must have struek the hills within the boundary of the prin- 
cipal seams, as coal is said to occur in the Namphuk some distance below the 
junction of the Namgoi. On the lower slopes of Maium similar sandy shales 
cropped out, striking N-E and S-W, vertical or highly inclined, but between 
these and the top of the hill I could find no sections. At the summit the 
rocks were quite horizontal, consisting of thick-bedded yellowish-brown sand- 
stones, in one place containing a seam of coal, 8 inches thick, resting on shale. 


1 Mem. Geol. Surv. Ind., vol. xii, pt. 2. 
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These rocks probably represent the Tipam group in the Makum area, but their 
relation to the highly inclined rocks at the foot of the hill could not be seen. 
They are probably conformable, the rocks below bending so as to underlie those 
of the summit. Thus the Patkoi at this extremity is composed entirely of 
tertiary rocks, like its south-westerly extension the Barail range, in the North 
Cachar hills. 

From Maium the range could be traced for about 30 miles to the H-N-E, 
but at a much lower elevation, still forming the principal watershed. After which 
the N-E to S-W, line of disturbance of the Patkoi apparently becomes coincident 
with that parallel to the Dapha and Phungan ranges. A fine view was also 
obtained of the Nongyong lake lying close under the ridge to the S-E, and sur- 
rounded by a large tract of level grass or reed-covered ground stretching far to 
the south. 

On Maiobim the rocks were on the whole similar to those on Maium, with a 
general easterly dip ; but here the lower portion contained two seams of coal. Of 
these, the lower one lies at an elevation of about 1,300 feet above the Dehing and 
about 14 miles from it: 3 feet of coal is seen dipping to S-H, at 20°, resting on 
soft clayey shale. The upper seam is 500 feet higher up the hill, and here 6 feet 
of coal are exposed, but the seam is probably a good deal thicker, as fragments 
of coal occur in the jungle for some distance above the outcrop. The coal in both 
seams is hard with a bright fracture. Close to the outcrop of the lower seam 
is a small pool in which bubbles of inflammable gas are constantly rising, and 
several pténgs, or springs, much resorted to by wild elephants occur between the 
two seams. Further up towards the top of the hill the rock, which is exposed 
here and there, is a generally coarse thick-bedded sandstone, sometimes conglo- 
meritic, and occasionally false-bedded, dipping to EH, at from 30 to 40 degrees. 
At Bishi, on the Dehing, similar sandstones occur, forming cliffs about 300 feet 
high, extending along the right bank of the river for about half amile. These dip 
to N-E, at 54°. Between this and the Dapha river, about 20 miles further east, 
no rock in situ was met with, the country being generally covered with drift. 

While crossing the Nchongbim, between the Dungan stream and the 
Dapha, we camped close to the hot spring mentioned by Mr. 8. E. Peal The 
temperature of the spring was 89° F. (air temperature 60° F.) and height above 
sea-level about 2,200 feet. I found that very little water was thrown out by the 
spring, though Mr. Peal says that about 50 gallons per minute rise, and at first 
sight it appears as though a large amount were coming up, as it rises in a jet 
some 8 inches high. This, as I found by the application of a light, is caused by 
the evolution of a considerable quantity of gas, which took fire and burnt with a 
flame some 8 or 4 feet high, giving out an odour of burnt petroleum. 

Atthe mouth of the Dapha, and for some distance up the Dehing, thick-bedded 
sandstones with an E-S-E to W-N-W strike occur, dipping at about 45° to S- 
S.-W., and resting on blue clays which are exposed at the foot of the terrace on 
the east bank of the Dapha. About 7 miles up the Dehing cliffs of blue sandy 
clay are exposed on the north bank striking N.-E., the strike bending round to H, 
about a mile further on, and the dip varying from 50 to 30 degrees, toN. These 


2 Jour. As. Soc. Beng., vol. lii, pt. 2, p. 46. 
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beds contain numerous lenticular masses of fine-grained very soft brown sand- 
stones and occasional bands of coaly shale, in one place about 3 feet thick. This 
is the coal mentioned by Wilcox in his account of his expedition to the Irawadi 
in 1828 '; it is an impure lignite. Beyond this the goneral strike of the rocks is 
W-N-W to E-S-E, the river flowing along the strike. Sandstones, generally 
coarse and soft, but sometimes hard and fine-grained, are the prevailing rocks, con- 
taining many strings and bands of pebbles, with many fragments of lignite and occa- 
sional beds of blue and red shales. They are usually vortical or dip at high angles. 

At one place, about 7 miles below Kumki,? I observed two very large masses of 
gneiss extending nearly across the bed of the river, and apparently in situ. On 
the eastern side of them the strike of the sandstones was reversed to N-E for a 
short distance. If this gneiss is really in situ it is the only instance of crystalline 
rock that I met with in the whole vallcy of the Dehing. It is a strongly foliated 
hornblendic gneiss, some portions of it containing garnets. Beyond this the rocks 
resume their E-S-E strike as far as the village of Kumki. This village is 
situated in a level alluvial plain about 2 miles long by 1 broad, which must during 
the rains be almost covered with water. It has been formed apparently by the 
action of a small stream, the Takhut Kha, which joins the Dehing from the south. 

While at Kumki an excursion was made to Biaobim, a point about 7,000 feet 
above sea-level, on a ridge about 10 miles to the south. The rocks, wherever 
sections could be obtained, were sandstones striking H. and W. On Biaobim 
they formed scarps from 200 to 300 feet high, with precipitous faces towards the 
south, running diagonally from N-W to S-E across the general direction of the 
ridge. From Biaobim a view was obtained down the Thurong Kong valley to 
the south. The hills, from the scarped appearance of their summits, were appar- 
ently formed of similar sandstones, and were covered with dense jungle, Due 
south, on the other side of the Thurong Kong, was a range of snow-covered hills 
with exceedingly jagged summits, probably crystalline, running N-E to S-W. 

Beyond Kumki sandstones continue for about 4 miles up the Dehing, when 
the valley opens out again into a level ‘ patar,’ about 7 or 8 miles long and from 2 
to 3 broad. This is entirely covered by drift, but in one or two places patches of 
blue clay were exposed. This rock, being softer and more easily eroded than the 
sandstones, would account for the excavation of this large open plain. Beyond 
this the valley again closes in and sandstones continue, with a general east and 
west strike, but very variable, to the foot of the hills leading up to the pass over 
the watershed between the Dehing and the Irawadi, On these hills numerous 
angular fragments of schistose quartzite were found, but I could find no sections. 
Further on, about a mile below the top of the pass, fine-grained fissile slates were 
exposed, striking N-N-W, and dipping to W-S-W at 950°. This rock, with 
coarser hard gritty bands, continued up to and beyond the summuit of the pass, a 
section near the top giving the strike W-by-N, and another beyond it, east ane, 
west, with adip of 45° to north. The highest portions of the range above and 
pass are apparently formed of gneiss, as the torrents bring down boulders 
pebbles of it from above. 

1 Asiatic Researches, vol, xvii, pp. 322, &c. 
2 Kunk (by mistake) on map, - C 
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It will thus be seen that the whole of the valley of the Dehing, and probably 
a large extent of country to the south of it, are formed of rocks corresponding 
exactly to the higher tertiary beds of Assam, and altogether of a Sub-Himalayan 
type. Throughout the valley (with the exception of the doubtful outcrop of gneiss 
below Kumki) no older rocks whatever occur, and the band of ‘axials’ and cre- 
taceous rocks, which extends in this direction from Arakan, and was found by 
Mr. Oldham! in the east of Manipur, converging on the Barail and Patkoi, has 
been entirely buried beneath the tertiaries. In the area described by Mr. 
Oldham, he found that upper tertiary rocks encroached more and more on the 
older rocks as they extended northwards, and my observations show that this 
feature has become completed still further north. 

IT was unable to examine any of the higher hills to the north of the Dehing, 
where it is possible that representatives of the Arakan rocks might be found 
between the tertiaries and the gneiss of the highest peaks ; and indeed it appears 
likely that such would be the case, as large numbers of blocks of serpentine 
are brought down by the Dehing. This rock is intrusive in the ‘axials’ of Arakan, 
and was found well developed in Manipur, forming a dyke running north. Since 
I found none of it im situ at the head of the Dehing, it must be brought down 
from the bigher hills to the north of the river. As to the age of the slates and 
quartzites at the head of the Dehing, I can form no opinion, as no fossils were 
found in them, and no sections showing their relation to the tertiaries. Nor did 
I find any fossils whatever in the tertiaries. 

The most striking feature in tite valley of the Dehing are the numerous 
terraces of drift, which are seen in many places at various elevations above the 
present level of the river. They are entirely composed of very coarse drift with 
well-rounded boulders both of sandstones from the tertiaries, and of crystalline 
rocks, principally gneiss. They are most conspicuous on the east bank of the 
Dapha; and Mr. Peal, in his account of his journey up to the Dapha, gives an 
admirable sketch of the lowest terrace overhanging the river. This terrace is 
250 feet high, and above it are two others equally well defined, the second one 160 
and the third 140 feet high. From the top of the third terrace the ground 
stretches away perfectly level for a considerable distance. On the western side 
of the Dapha terraces may be traced, though they are not so well defined as those 
on the eastern side. One occurs at about 160 feet above the valley, and another 
at 500 feet, while the edge of the topmost plateau is 1,000 feet above the Dapha, 
and from it the ground slopes gradually up towards the north, On both sides of 
the Dungan is a well-defined terrace, about 60 feet above the river, which extends 
down to and along both sides of the Dehing as far as Bishi, forming perpendicular 
cliffs wherever the river washes against the foot of it. Some patches of drift also 
occur at Bishi, resting on the sandstone cliffs above the village, at an elevation of; 

“200 feet above the river. Above the mouth of the Dapha the Dehing valley is 
‘ach narrowed, but drift at a higher level than that reached by the present 
gs ds occurs at many places along the banks ; and at one spot, about 12 miles below 
a is a mass of drift forming a cliff about 300 feet above the river. A large 
Kumi | of this has formerly slipped down and dammed up the river, forming a 
portio 1 Mem. Geol. Surv. Ind., vol, xix, pt. 4, 
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lake about a mile Jong, the surface of which was about 20 feet higher than the 
present level of the river, as is shown by the numerous trunks of dead trees, 
killed by the rise of the water, which are still to be seen standing on the banks. 
The river has cut down through the barrier, so as to have nearly returned to its 
original level; but there is still a long reach of still water above the barrier, with 
beds of fine gravel and sand deposited whilé the lake was in existence. 

On the sides of the broad valley at Kumki no traces of terraces could be seen, 
but the plain about 8 miles higher up the river is traversed by a very well- 
marked triple one running from N-E to S-W, the lowest step being 20, the 
second 50, and the third 200 feet above the river. 

These terraces must, I think, be due to subsidence in the Brahmaputra valley, 
allowing the Dehing water to run off at lower and lower levels The samo cffect 
might have been caused by elevation of the upper part of the valley, but in that 
case it would be difficult to account for the absence of disturbance of the terraces, 
which are all as horizontal now as when they were deposited. Moreover, we 
know that subsidence has taken place within recent times in the lower portion of 
the Brahmaputra valley. The change of level has been considerable, certainly 
over 1,000 feet, as the beds of drift on the plateau west of the Dapha show, 

At first sight the triple form of some of the terraces, as to the east of the 
Dapha and in the plain beyond Kumki, would appear to show that the change of 
level had not been a continuous movement, but had taken place by leaps and 
bounds as it were; but I think that this feature may be accounted for in another 
way, viz., that during an oscillation of the river from one side of its valley to the 
other, the alluvium it had deposited on one side would be found on the return of 
the river to that side to be higher than the present level of the river. These 
terraces, whose height above each other would depend partly on the rate of 
change of level, and partly on the length of time taken by an oscillation of the 
river from one side of the valley to the other and back again, would be formed on 
either bank, This would also account for the irregularity in the heights of the 
terraces on opposite sides of the river. 

I have noticed similar terraces of drift among the hills both to the north and 
south of the Brahmaputra, though nowhere so well defined as on the Dehing. 
They occur in the Digu at the foot of the Aka hills, and opposite the mouth of the 
Borholi is a large mass of drift, rising to 1,000 feet above the plain, which may be 
due to the same cause. Terraces also occur in the valley of the Diyung in the 
North Cachar hills to the south of the Brahmaputra. 


On the microscopic characters of some Hruptive Rocks from the Central Himalayas, 
by Coronet C. A. McMauon, F.G.S. 


Peridotites. 
No. 94-215.—From the Puga valley.—Lapbak. 


This specimen was collected by the late Dr. Stoliczka, who gave the following 
account of the eruptive rocks met with on the Puga river. 
“ At first coming to the camp on the Puga stream we met with an epidote rock, 


cl 
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consisting of epidote, quartz, and albite. The epidote, when crystallized, occurs 
in short prisms of yellowish or bright green colour. It is often replaced by 
diallage occurring in the same manner in short laminar prisms, and forming a 
beautiful syenite-l.ke rock. Somewhat further to the north the epidote disap- 
pears altogether, and the diallage is often found disseminated through a dark 
green serpentine mass, and in this way forming a very peculiar rock, which by 
many geologists, especially in the Apennines and Southern Alps, would be called 
gabbro ; the Himalayan agrees exactly with the Alpine rock. Diallage occurs 
besides in large lumps, and very seldom is any bronzite to be seen here. The 
serpentine rock contains also sometimes sparingly zeolitic and felspathic minerals, 
and varies greatly incolour. Further to the east, it is occasionally to be found as 
serpentine-schist and purer in thin veins. In the Puga valley itself no stratifi- 
cation whatever is perceptible in the whole series of these last-mentioned rocks ; 
they have a truly massive structure. 

“What is still remarkable, and perhaps worthy of notice, are large spheroidal 
masses of quartz, which, in addition to numerous quartz veins, occur throughout 
the serpentine rock.!” 

The hand specimen examined by me appears to have been taken from the out- 
crop of the “‘ massive ”’ rocks on the Puga river, in which “no stratification what- 
ever is perceptible.” The rock, judged by the sample, is a peculiarly interesting 
one to me, as it is the first Indian specimen of the ultra-basic class of eruptive 
rocks that I have seen. 

I have examined three thin slices taken from two different sides of the hand 
specimen at right angles to each other, and all three slices present the same 
characteristics. Thesample consists of a holocrystalline mixture of olivine, augite, 
enstatite, picotite, and serpentine. Itis a variety of peridotite, known as lherzo- 
lite, partially changed into serpentine. 

In some places the change is complete, patches here and there consisting 
entirely of setpentine. In other places the progress of conversion has been very 
partial ; for, though the enstatite and olivine are traversed by more or less numerous 
veins of serpentine, considerable portions of these minerals have escaped serpen- 
tinization and remain fresh and unaltered. 

Olivine is abundant, and the major part of the rock, prior to the formation of 
serpentine, was evidently composed of this mineral. As usual in this class of 
rock the olivine has yielded to the hydrating process more readily than the other 
constituent minerals, and it is cut up into countless grains divided by a mesh-like 
arrangement of canals filled with serpentine; the oxide of iron liberated by the 
decomposition of the olivine being deposited in amorphous Masses, principally 
along the edges, or immediately adjoining the canals of serpentine. _ 

The enstatite is quite colourless in thin slices, but it presents a characteristic 
foliated appearance under crossed nicols. 

The augite is also quite colourless. With ordinary powers none of the miner- 
als present the appearance of “ schillerization ” ;? but on applying high powers 
the first trace of this process is observable in the augite, and irregular shaped 


1 Mom. Geol. Surv., Ind., v, pp. 128, 129. 
3 Judd. Quar. Jour. Geol. Soc, xii, $88. 
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lacunes are numerous, in which opaque matter has becn deposited without com- 
pletely filling the cavities. 

The slices under description do not contain any diallage; but, here and 
there, the first stage of the alteration of augite into diallage may be observed, the 
characteristic cleavage of the latter mineral having been established. Theso 
augites, however, are in other respects quite fresh and give no indication of 
schillerization. 

Although neither this sample, nor the next to be described, contain any 
typical diallage, or felspar, and consequently cannot be called gabbros ; still 
these minerals may be developed in other portions of the rock, and it may 
locally pass into gabbro. Professor Judd in his recent papers has told us how 
commonly gabbros pass into peridotites in the Western Isles of Scotland. ! 
If gabbro is associated with the pcridotites of Ladak, however, it is curious 
that Dr. Stoliczka’s specimens from both the Puga and Markha valleys should 
contain no trace of felspar. It is to be hoped that future obsorvers in the ficld 
will study these interesting rocks more exhaustively and bring back a complete 
suite of specimens. 

The specific gravity of the sample, above described, is ower than might have 
been expected, being 2°85; but this is evidently owing to the loss of iron and the 
hydration of the olivine, consequent on its partial conversion into serpentine ; the 
specific gravity of olivine ranging fiom 3°33 to 3°5, whilst that of serpentine is as 
low as 2°5 to 2°65. 


No. 94-213.—From the Murkha River, Ladal-. 


Dr. Stoliczka, who collected this specimen, refers to the rocks in this locality 
as follows : 

“ Already when observing rocks in the Indus valley, north of Gya, I have 
been very much struck with their more recent aspect as comparcd with the 
same rocks (which undoubtedly they arc) at the mouth of the Puga stream, 
examined during my survey of 1864. North of Gya they consisted of soft and 
partly loose conglomerate, reddish and purple slates and marls, and grecnish 
sandstones, very much like those on the Dugshai hill and to the north of that 
station. I can attribute this comparatively recent aspect of the rocks north of 
Gya solely to the subordinate development of the gabbro or diallage rock, which 
in the Puga valley seems to have perfectly altered and metamorphosed the slates 
and sandstones,’ 

Dr. Stoliczka proceeds to detail the finding of nummulitic fossils ® in the sand- 
stones a little to the north of the Markha river, between Rumbag (Rambék) and 
Skiu; and I gather from his description that the peridotites of the Puga and Markha 
valleys are intrusive in sedimentary rocks of lower tertiary age. Mr. Lydekker, in 
his recent memoir on Kashmir,‘ has also mapped the rocks at the mouth of the 
Puga river, and those a little to the north of the Markhariver, as belonging to tho 
eocene period. 

1 Quar. Jour. Geol. Soc., xli, 358. 

* Mem. Geol. Surv., Ind., v, 343. 

3 1b., p. 344. 

4 Mem, Geol. Surv., Ind, xxii, 107. 


118 Records of the Geological Survey of India. [voL. XIX. 


The sample of the intrusive rock from the Markha valley, when examined 
with the aid of the microscope, is seen to belong to the same class as that last 
described. It is almost quite unaltered, however; its serpentinization having 
proceeded no further than the riddling of the olivine with countless minute canals 
which form a complete net-work over the whole of it. Olivine is by far the 
most abundant mineral; enstatite comes next, and augite is somewhat subordi- 
nate. As in the last specimen, all these minerals are quite colourless in thin slices. 
Picotite is present, but is not abundant. The specific gravity of the hand specimen 
is 3°10. 

Volcanic Ash. 
No. 94-218.—From Wangat, Ladak. 


This specimen was collected by Mr. Lydekker, but I have not been able to 
trace in his published papers any reference to the outcrop from which it was 
taken. 

There is often great difficulty in discriminating between altered volcanic ash 
and felsites, by their microscopic characters only ; but, unless appearances are ex~- 
traordinarily deceptive, I do not think there can be any doubt as to the nature of 
this specimen. Under the microscope it is seen to be made up of fragments con- 
sohdated by pressure. It contains rounded and sub-angular fragments of quartz; 
rounded grains of magnetite and ilmenite; and rounded and sub-angular frag- 
ments of more or less decomposed igneous rocks, which differ from each other, in 
some cases, in colour and appearance. The interstices between larger grains are 
filled up with finer fragments of the same materials. 

If further evidence of the nature of the rock was wanting, I think it is suppli- 
ed by the fact that all the larger fragments are surrounded by a thin margin of 
an opaque white product of decomposition ; and that the grains of magnetite, 
though more or less converted into the red oxide of iron, appear to have been al- 
tered prior to their consolidation in the rock in which they are now found, for the 
matrix is not streaked with the red oxide, which probably would have been the case 
had the alteration of the magnetite been due to aqueous agencies operating im 
stiu. 

The ilmenite exhibits very distinctly its characteristic rhombic cleavage lines. 
These may sometimes be seen on the surface of the mineral when examined in 
reflected light, and at other times they are indicated by translucent lines when 
viewed with the aid of transmitted light. The ilmenite includes very numerous 
crystals of apatite. 

The fragmentary origin of the rock can, I think, be made out by the examina- 
tion of the weathered sarface of the hand specimen with a good pocket lens. 


Diorites. 
Nos. 96-4, 96-5—Intrasive in nummulitic strata north of Sirkia.—HuNDEs. 
These specimens were collected by Mr. Griesbach. No account of the outcrop 
from which they were taken has yet been published. 
No. 96-4 is a highly altered diorite. The original constituents present in 
the rock are triclinic felspar and hornblende; and the secondary products of 
decomposition, calcite, magnetite, a zeolite, and chlorite. 
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Sphene is present as an accessory mineral. The structure of the rock is 
granitic. 

The felspar is highly corroded, but the characteristic twining of triclinic fels- 
par is still visible in nearly all of it. It is in rather massive pieces, which show no 
external crystallographic faces : lath-shaped prisms are not present. The angle of 
extinction of the felspar twins indicates that the species is oligoclase. Hornblende 
is abundant. 

Calcite is present in veins, and also invades the substance of the rock. The 
calcite veins are peculiarly interesting, as they contain not only air or gas inclu- 
sions, but very numerous liquid cavities with active bubbles. The calcite is 
undoubtedly a secondary product, and the presence in it of liquid cavities with 
moving bubbles shows that these interesting objects may, in some cases, be due 
to the operations which gave birth to secondary minerals in a rock long after its 
consolidation. In previous papers ! I have already noted the presence of liquid 
cavities with moving bubbles in epidote (a secondary product), and in sccondary 
quartz in the amygdules of altered basalts, and explained their presonce by the 
supposition that the rocks and amygdaloidal cavities were filled, after the con- 
solidation of these lavas, “with the aid of highly heated water or steam under 
pressure.” Mr. G. F. Baker, in his memoir on the geology of the Comstock lode 
(page 371), thought, when he wrote his memoir, that primary and secondary fluid 
cavities could be discriminated by their shapes; the former being either in the 
form of negative crystals, or of vesicles, the outlines of which present “ smooth 
curves”’; whilst secondary fluid cavities “are bounded by jagged lines.”’ But 
Professor Judd has since shown that negative crystals ? with liquid, or other in- 
clusions, may result from “schillerization”’ and may assume the most regular forms ; 
and I note in passing that the majority of the liquid cavities in the calcite of the 
rock under description are bounded either by straight lines or “smooth curves.’ 
The shape of a fluid cavity, therefore, does not seem to afford a safe criterion for 
deciding whether it is of primary or secondary origin. In view of this difficulty, 
the presence of fluid cavities with moving bubbles cannot, I think, be relied on 
as an ald to the diagnosis of a rock. They may be of primary or they may be of 
secondary origin, and it seems impossible to discriminate between the two classes 
by mere inspection. 

No. 96-5.—This specimen belongs to the same class as the last (No. 96-4), 
only its alteration has proceeded much further. A zeolite has taken the place of 
the calcite ; and not only are veins stopped with it, but in a portion of the slice it 
has invaded the ground-mass and has taken the place of the original minerals. 

The whole of the slice exhibits the progress of decomposition in a high degree ; 
but enough remains of the original constituents of the rock to show that it was 
originally a diorite. 

Hornblende appears to have predominated over the felspar. Much of the 
former mineral exhibits the first stages of conversion into chlorite, and some of it 
has passed into that mineral. This slice does not contain any sphene. 


! Supra, xv., 161 ; xvii, 179 ; xix, 74. 
2 Quar. Jour. Geol. Soc., xli, 384, 385. 
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Preliminary note on the Mammalia of the Karnul Caves, by R. Lypexxer, B.A 
F.G.S., &c. 


Having received and examined the bones collected by Mr. H. B. Foote in th 
Karnul caves,! I present a preliminary list of the Mammalian genera and specie 
which I have been able to identify. My list differs somewhat from that given b: 
Mr. R. B. Foote,? as I have found some forms which he had not recognizec 
while, on the other hand, Iam unable to confirm two or three of his provisions 
determinations. The majority of the specimens sent to me consisted either c 
bones of Rodentia and Chiroptera, or of fragments of bones of larger Mammals 
the greater number of which did not admit even ofygzeneric determination. Ther 
were also sent a large number of bones from the surface bed, which were all c 
extremely recent origin, and need no further notice. The following list comprise, 
the forms found in the deposits below the surface bed, exclusive of certain huma: 
remains, some of which are briefly noticed in the sequel :— 


PrimatrEs—1. Semnopithecus priamus, Blyth. 
Fs 2. Cynocephalus (cf. anubis, F. Cuv.) 
CaEnIvora—3S. Felis tigris ( or P leo) Linn. 


3? 4. 92 P pardus, Linn. 
” 5. , chaus, F. Cuv. 
5 6. ,, rubiginosa, Geoffr. 


7. Hyzna crocuta (Zrzi.). 
8. Viverra karnuliensis, 2. sp 


ii 9. Herpestes griseus, Desm. 
‘ 10. ‘i smithi, Gray. 
3 11. Ursus, sp. 


INSECTIVORA—12. Sorex (ef. ceerulescens, Shaw). 
CHIROPTERA—13. Taphozous saccolemus, Zemm. 
‘ 14. Phyllorhina diadema (Geoff). 
Ropentra—15. Sciurus macrurus, Harda. 
= 16. Golunda ellioti, Gray. 
a 17. Mus mettardi, Gray. 
m 18. ,, platythrix, Sykes. 
' 19. Nesokia kok, Gray. 
Pe 20. »  bandicoota, Rech. 
21. Hystrix hirsutirostris, Brandt, 
22. Lepus (cf. nigricollis, 7. Cuv.) 
Uneviata—2s. Rhinoceros karnuliensis, #. sp. 
s5 24. Equus (? 2 sp.). 
ys 25. Bos* or Bubalus, 
» 26. Boselaphus tragocamelus (Pai/). 
3 27. Gazella bennetti (Sykes). 
o 28. Antilope cervicapra (Zinn). 
® 29. Tetraceros quadricornis ( Blain). 


33 


1 Supra, vol. xvii, pp. 200-208 (1884), and xviii, pp. 227-285 (1885). 

3 Supra, vol. xviii, pp. 281-282. Some emendations have been on the generic and 
specific terms employed by Mr. Foote. 

$ Includine Bibos (Gaveus), 
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Unaurara—s0, Cervus aristotelis, Cuv. 





” 31. axis, Errl. 
re 32. Tragulus [ef. meminna (Zral )). 
3 33. Sus ciistatus, Wagner. 


EDENTATA—34, Manis gigantea, Gray. 


In this list the crania on which Nos. 16, 17, 18 are identified are from loose 
red loam underlying the surface bed in the “ Charnel House” cavo in which human 
remains occur,! but from other fragmentary specimens it is probable that these 
species also occur in the underlying beds. The most interesting features in the 
fauna are the two new species (Nos. 8, 23), and the occurrence of Equus and 
the three Ethiopian forms Nos. 2, 7, 34. 

Of the new species, Viverra karniuliensis is founded on a mandibular ramus,? 
showing the carnassial and the alveoli of the premolars; the former is very similar 
to the corresponding tooth in V. zibethu and V. megaspila, but the space occupicd 
by the premolars is very much longer than in either of those species, the speci- 
men being quite unlike the mandible of V. civetta. As the mandible of the 
Siwalik V. bakeri ° is unknown, it is almost impossible to say whether the 
Karnul form is identical with this species, but as this is somewhat improbable, I 
have provisionally assigned a distinct name to the former. 

Rhinoceros karnuliensish * is a small bicorn, and brachydont species agreeing very 
closely in several respects with the pleistocene Rt, efruscus of Europe, but differ- 
ing somewhat in the structure of the upper cheek-teeth, and in the deeper and 
more defined channel in the mandibular symphysis, and thereby approaching tho 
African BR. bicornis. The species differs from BH. deccanensish * by its brachydont 
character and the absence of the distinct cingulum in the upper premolars. 

Of the Ethiopian forms the Cynocephalus is indicated by a second lower truc 
molar, indistinguishable from m2of O. anubis; but probably insufficient for 
specific determination. Of Hyena crocuta there is a lower carnassial and an upper 
canine; while Manis gigantea is represented by a terminal phalangeal of the 
manush © agreeing almost precisely with the corresponding bone in a skeleton 
measuring 54 inches in length. Both Cynocephailus and Manis, as well as hyenas 
of the crocutine group, occur in the Siwaliks; and the present specimens are 
of great interest as proving that the intimate generic connection existing between 
the pliocene fauna of India and the recent Ethiopian fauna had in the late pleisto- 
cene (to which period I am disposed to refer the Karnul cave deposits) of India 
*zveloped in some instances into a specific one, traces of which still remain in the 

ristence of species like Felis leo, F. pardus, and Canis aureus in the two areas at 
le present day. 

The Hquus I have at present been unable to determine specifically, but some 

he y ‘lars (as Mr. Foote observes) indicate a small species, which may possibly 


wa, vol. xvii, p. 205. 
ovisionally identified by Mr. Foote (supra, vol. xviii, p. 231) witn V. zibetha. 
al, Ind’., ser. 10, vol. ii, part xxxiii, fig. 1. 
rovisionally identified by Mr. Foote (supra, vol. xviii, p. 322) with 2. sondaicus 
out). 
Pal, Ind., ser. 10, vol. i, pts. i-iii. 
Ideutified by Mr. Foote with M. pentedactyta, 
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be closely allied to the African H. taniopus. The occurrence of a small species of 
Ursus is indicated by the distal portion of a humerus; but it would be difficult to 
say to what species it belonged, the most likely forms being the existing U. malay- 
anus, and the pleistocene U. namadicus of the Narbada valley. Some of the teeth 
referred to Sus cristatus indicate individuals of larger size than the existing race, 
but I cannot regard this as a specific difference. There are also some slight 
differences between the upper molars referred to Oervus aristotelis, and the corre- 
sponding teeth of recent examples, but enese may probably be also considered. as 
but racial variation. 

Besides the forms I have recorded, Mr. Foote mentions (1) Macacus (P), (2) 
Canis, (3) Paradoxurus (?), (4) Tupaia (P), (5) Cervulus awreus (P), (6) Ovis (?) 
and (7) Oapra (?). Of Nos. 1 and 5 I can find no evidence, while I believe that 
the specimen on which No. 2 was determined belongs to Felis. Of Nos. 3 and 4 
the specimens are insufficient for generic determination. Some limb-bones from 
the ‘ Purgatory’ cave undoubtedly helong either to Ovis or Capra, but as they are 
of extremely recent appearance, and agree precisely with other specimens from the 
surface-bed of the ‘ Charnel House,’ I am inclined to think that they cannot be 
referred to the pleistocene fauna. 

With regard to human remains, Mr. Foote records! a molar from a depth 
of 4 feet in the ‘Chapter House’ cave, which was the lowest level at which st&ch 
remains were found; and he also records? the occurrence of cut bones and 
implements, but without particularizing the horizons whence they were obtained. 
As the latter specimens were not forwarded to me, I can of course say nothing 
about them, but I may observe that a very considerable number of the larger bones 
sent to me have been gnawed by porcupines, and I would venture to suggest the 
necessity of submitting the reputed cut bones (and perhaps some of the ‘ instru- 
ments ’) to a stringent examination with a view of determining whether they may 
not have been subject to the same action. 

The more interesting of the above-mentioned specimens will be figured in a 
fasciculus of the ‘ Palsontologia Indica’, which I hope to bring out during the 
current year. 


HARPENDEN, 
The 8th March 1886. 


Memorandum on the prospects of finding coal in Western Rajputana, by R. D. 
OxpHamM, A.R.S.M,, Deputy Superintendent, Geological Survey of India. 


As this subject is one of general interest and importance, in view of the great 
expense incurred for fuel on all the railway lines in North-Western India, and as 
the discovery of workable coal in this region would allow of the profitable cor 
struction of a line of railway much needed on other grounds, I have thought it a 
visable to draw up a special memorandum, in addition to the purely technical r 
port of my last season’s exploration of the desert, showing the evidence at prese: 
available on this subject. 


3 Supra, vol, xviii, p. 231. 
3 Jd., p. 282. 
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2. When Mr. Blanford made his traverse from Jodhpur to Rohri in 1876, he 
noticed the occurrence near Pokran of certain beds, which by the peculiarity of 
their structure are shown to have been deposited through the agency of floating ice. 
Mr. Blanford considered that these beds were of Vindhyan age, for, near Pokran, 
they are overlaid by red sandstones, which closely resemble those scen near 
Jodhpur. Further west, near Jessalmir, he described the occurrence of marine 
limestones of jurassic age underlaid by sandstones, whose resemblance to the 
Mahadeva beds (upper-Gondwanas) of the Indian Peninsula he recognised and 
commented on; but he did not recognise either the actual or the probable pro- 
sence of the lower-Gondwana (coal-bearing) series in this district. 

3. During the cold weather of 1885-86, I was despatched to explore the great 
tract of country lying north of Mr. Blanford’s route, of which nothing was 
known except that there were extensive exposures of rock. My route lay from 
Ajmere through Nagore, Falodi, and Pokran to Jessalmir, whence, after making a 
loop cast into the rocky oasis lying north and north-west of Jessalmir, I returned 
through Lathi, Bap, and Bikanir to Ajmere. 

4. Ail the country east of Pokranm and Bap appears to consist of rocks 
of Vindhyan age overlaid for the most part by alluvium and blown sand. Theso 
rocks are all very much older than those in which our Indian coal is found, 
and there is no possibility of the occurrence of coal in this region. But along a 
zone running about north-north-east and south-south-west and extending from 
Shekasar to Nokra (both villages near the eastern boundary of Jessalmir) there is 
an exposure of a very characteristic rock. 

5. This is almost certainly of the same age as the peculiar glacial beds near 
Pokran, referred to in section 2, and consists of a matrix of fine-grained marl through 
which fragments of felsite, syenite, limestone, gneiss, and granite of all sizes from 
a few inches to in one case over 10 feet across, are scattered; and many of these 
are smoothed and striated in the peculiar manner characteristic of glacier work. 

6. As I have said, there can be no doubt that these are of the same age as the 
Pokran boulder beds, but fortunately there can be no question here as to their 
not being of Vindhyan age, for they contain fragments of Vindhyan limestone 
which must have been indurated and metamorphosed when they were deposited 
in their present position. It is consequently clear that these beds are of very 
much newer origin than the Vindhyans, and consequently cannot but be represent- 
ative of the Talchir boulder beds, the beds which everywhere in India underlie the 
coal-measures. 

7. To the westwards of these beds and lying between them and the marine 
jurassic limestones of Jessalmir comes a series of sandstones, very ill-exposed, but 
all having a slight dip to west-north-west. 

8. We have then recognised, jirst, beds older than the coal-measures ; second, 
beds newer than the coal-measures; and third, a series of sandstones lying 
between them: the question arises whether it is probable that coal will be found 
in these intermediate beds. 

9. Before proceeding I must remark that the country under consideration 
is extremely unfavourable for geological investigation. Undoubtedly actual 
outcrops of rock are as frequent as is usual in the Indian coal-fields, but on th, 
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other hand the latter are usually intersected by streams in which the rocks are 
fairly well seen, and it has nearly always been possible by fossil evidence to declare 
the actual existence or absence of the ‘‘ Damudas,” the group of beds which has 
yielded all our Indian coal. But in Jessalmir, if we except the western district 
in which the beds are demonstrably newer than the coal-measures, there is not a 
single stream bed or even a satisfactory exposure of rock, For the most part the 
country is a gently undulating plain covered with a sandy alluvium in which 
there are scattered frequent outcrops of very decomposed sandstone which do not 
rise appreciably above the general surface and are always so decomposed that it 
would be hopeless work to attempt a search for fossils, or still more so, for an 
actual outcrop of coal. Under these circumstances I find it impossible to give a 
definite opinion as to the presence or absence of this mineral, and can do no more 
than explain the conditions and possibilities of the case. 

10. The facts that the beds both above and below the coal-measures are pre- 
sent, and that there is a great thickness of sandstones (certainly not much less 
than 2,000 feet and probably nearer 6,000 or more) lying between them, indicate 
the probable presence of beds of the same age as the Indian coal-measures, and, 
to judge from the fact that we have never yet found beds of the right age with- 
out also finding coal, the probable existence of this mineral. 

11. There are, however, two possibilities which must be borne in mind, first, 
that there may be no representative of the Damudas at all; and second, that though 
beds of Damuda age may be present, but, owing to the conditions under which 
they were deposited, may not contain coal. 

12. As regards the first of these, I have already pointed out that the ground 
is very unpropitious for geological investigation, and I can consequently give no 
direct opinion on the subject. On the road from Pokran to Jessalmir there is a 
stretch of Malani volcanic beds much older than the Talchir boulder bed, and 
evidently an old land surface in the sea or lake in which the latter were deposit- 
ed. At the western margin of this old land surface the boulder beds are again 
seen, and on this section there is not room between them and the exposure of 
what seem to be upper-Gondwana sandstones at Lathi for the intercalation of 
any considerable thickness of beds. But to the north of this section, there is a 
much greater development of the sandstones which at their lower limit appear 
to pass gradually into the boulder beds, so that it is not improbable that there is 
here as in the Peninsula a slight unconformity between the lower- and upper- 
Gondwanas which has allowed of an overlap of the latter on to the Talchir 
boulder bed. 

13. It may of course be that this unconformity in the series-—which I may 
remark in passing is by no means proved but merely indicated by the imperfect 
observations that alone are possible on a rapid traverse—is universal in this 
region, but there is so great apparent regularity in the succession of the beds, 
which lie very flat and with a very regular dip, that I cannot regard this as 
altogether probable, and consider it more than possible that somewhere in this 
region, the beds intervening between the Talchirs and the upper-Gondwanas wi)l 

.. be found. 
‘. 14 Ae ~emards the possibility of the presence of beds of Damuda age without 
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coal, this is @ more serious consideration. The beds near the top of the series, 
viz., the Jessalmir limestones, are of indisputably marine origin, and near Bap there 
are some beds of impure limestone associated with the boulder beds which may 
be, but by no means necessarily are, of marine origin. Besides this I noticed 
that at one place some sandstones which appear to underlie the boulder beds had 
a saline taste; this is not, however, proof of marine origin, as the impregnation 
with salt may have occurred subsequently to deposition. These facts might be 
supposed to indicate the probability that the whole series was composed of marine 
deposits, and if this were the case all hope of finding coal would have to be 
abandoned. 

15. There is, however, some direct evidence pointing to a different conclusion. 
Between Lathi and Shawal on the road to Jessalmir and again south-east of 
Jessalmir towards Kita, there are repeated exposures of the sandstones immediatcly 
underlying the Jessalmir limestones, whose resemblance to the Mahadevas of the 
Indian Peninsula has already been noticed (section 2). Now the Mahadcvas are 
acknowledged to be freshwater (river) deposits, and moreover in these sandstones 
of Jessalmir there are frequent pebbly bands in which the pebbles are not sufficiently 
numerous to deserve the name of a conglomerate; such beds are common, and 
easily accounted for in strata of freshwater (riverine) origin, but are not usually 
found in purely marine sandstones. The beds just referred to overlic a serics of 
sandstones and shales lying between them and the boulder beds which are most 
probably similarly of freshwater origin. 

16. The probability may be therefore considered to be in favour of the fresh- 
water (riverine) origin of any beds of Damuda age which may exist in this region, 
It does not follow as a necessity from this that they will contain coal, still look- 
ing to our invariable success in finding coal wherever we have found beds of the 
proper age, I cannot regard it as probable that this region will prove an exception 
to the general rule. 

17. I have in the foregoing passages treated the question as impartially as 
possible, any bias being against a favourable conclusion, but I cannot help regard- 
ing the prospects of success as sufficient to justify the expenditure of money ona 
systematic exploration, especially when we bear in mind the immense value of a 
workable coal-field in this neighbourhood. 

18. My description of the nature of the country contained in section 9 of this 
memorandum will show that it is impossible in this case to follow the usual 
course of making certain of the actual existence of rocks of coal-bearing age before 
recommending the expenditure of money in a search for coal. Here it will only 
be possible to determine this fact by laying bare the rocks in quarries or sinkings 
made specially for that purpose, and money devoted to this purpose would be a 
purely speculative investment in which the prospects of success and failure are 
about equal, but while it would be impossible to exaggerate the value of success, 
the cost of failure would be small and limited. 

19. As regards the locality most favourably situated for exploration, I would 
recommend that this be commenced in the country west of the village of Bap. 
I chose this as, though the boulder beds can be traced both north and south 
of this, I find that to the north the sandhills lie only a few miles to the west, 
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while a little north of the village of Bap their eastern boundary bends suddenly 
round to the west and leaves a much broader area, and consequently greater 
thickness of rock open for experiment, To the south of Bap the boulder beds die 
out against the old land surface mentioned in section 12, and it is consequently more 
probable that a sinking would strike the Vindhyans than further to the north. 
Moreover, there appears to be west of Bap much more room for the development 
of a thick series of sandstones, and it is very possible that the Damudas are 
present here, though cut out on the section between Pokran and Jessalmir by the 
overlap of the upper-Gondwanas on to the boulder beds. 

20. I may add that this country is quite untested by native wells. I was 
informed that for 20 kos west of Bap, there is no well: at Bap itself, I was 
informed that a well had been sunk to a depth of 50 purus (160 feet) without 
finding water. A well in this position could not possibly stmke coal, being started 
in beds below the coal-measures. In the Gazetteer of Jessalmir, I find a reference 
(page 169) to a well having been sunk in this region to a depth of nearly 500 feet 
without findmg water. No conclusion can be drawn from there being no men- 
tion of coal, for it is not likely that villagers ignorant of the properties or value of 
that mineral would take any notice even were they to pass through a bed of it in 
sinking their wells. Nor is the exact position of this well stated. 

21. It must not be overlooked that the whole country lying south of the 
direct road from Jodhpur to Jessalmir is absolutely unknown, and it is by no means 
impossible that the coal-measures may be present in parts of that region, for the 
Talchir boulder beds are highly developed at Lowa and Pokran, and may be over- 
laid to the southwards by newer beds as at Bap. Still in the absence of more 
detailed examination and with all the reservation necessary on that account, I am 
inclined to regard the prospects of finding coal in the country west of Bap as 
being as good as are likely to be met with anywhere else in tne region in which 
alone we may look for it 

22. With regard to the method of the search, either a series of borings 
might be at once put down in the region I have recommended for trial, or this 
might first be examined with the help of shallow sinkings, to see whether there 
would be any possibility of the presence of the Damudas. 

23 There can be no doubt that the first would be the most rapid and thorough 
method, but it would also be the most expensive. It is not impossible that the 
less expensive form of exploration would show the uselessness of further search 
but on the other hand if the results so obtained were not absolutely unfavourable, 
it would be necessary to follow them up by the more thorough method of a series 
of borings. 

24. The country might also be explored by encouraging the villagers to sink 
wells ; this would, however, be very slow, for a well of 300 feet in depth would take 
quite two years to sink, and would, if we allow a dip of 5° (by no means an ex- 
aggerated estimate), only test a thickness of rock corresponding to one mile in 
width of outcrop. 

25. I have not personally seen the country I recommend for trial. In explan- 
ation of this, I may say that my instructions were merely to execute a rapid explo. 
ration of as large a tract as possible, and that when I reached Bap there was little 


PART 2.] OtpHam: Note on the Olive Group of the Salt-range. 127 


or nothing to show me in which direction I would do most good. There were 
indeed some signs that the dip was veering round to northwards, and in that case 
@ northerly course—the one I adopted—would have proved most profitable. Unfor- 
tunately this did not turn out to be the case, and it was only after the completion 
of my tour and by putting together all the obsorvations I had made, and the 
information I was able to obtain from the natives of the country, that I formed 
my conclusions as to the possible existence of coal in the country west of Bap. 

26. Under these circumstances I cannot recommend that borings be immediate- 
ly sunk, but would rather advise the preliminary examination of the district 
referred to, for which purpose I consider that an establishment of 15 to 20 ex- 
perienced quarrymen should be sanctioned; these men would be employed in 
making numerous shallow sinkings and quarries in which the rocks would be laid 
bare and their nature better seen than in the very bad exposures of decomposed 
sandstone which are alone visible in this region. 

27. On the other hand it isnot improbable that the Jessalmir Durbar would be 
more willing to find money for borings, as these, even if they did not strike coal, 
would very probably strike water, and it would be impossible to exaggerate the 
value and importance that is attached to water in this arid region. 


A Note on the Olive Group of the Salt-range, by R. D. Otpnam, A.R.S.M., 
Deputy Superintendent, Geological Survey of India. 


The last number of these Records contained a paper by Dr. Waagen on some 
palewozoic fossils recently collected from the Olive group of the Salt-range. Dr. 
Waagen declared his conviction, founded on information supplicd by Dr. Warth, 
that these fossils were derived from concretionary nodules and gave a true indi- 
cation of the age of the beds from which they were obtained On the strength 
of this conclusion Dr. Waagen declared that it would be necessary to divide the 
Olive series into two portions, one of which was to be regarded as of lower car- 
boniferous, the other of eocene age. I was consequently despatched to the Salt- 
range to verify on the ground an opinion involving so great a change; the results 
of my observations, which entirely confirm Mr. Wynne’s original mapping, are 
embodied in the following passages. 

On meeting Dr. Warth I was surprised to find that he by no means shared 
Dr. Waagen’s confidence in the concretionary nature of the fragments which had 
yielded these fossils, and that, though he was not unwilling to allow that this 
Opinion might be correct, and that the fossils truly indicated the age of the bed 
from which they were obtained, he decidedly inclined to his original idea that 
they were transported pebbles ; on examining the exposures I was able to convince 
myself that in this he was perfectly correct. 

In the first place the bed in which they occur is a thin band of gravel, the 
last rock in which one would @ priori expect concretionary nodules to be formed. 
Then on examining the so-called concretions I found that in many cases the fossils 
extended right to the surface, and were there abruptly, often obliquely, truncated, 
not infrequently they could be seen exposed in section on the abraded surfaco of 
the pebble and occasionally fragments could be found showing on their surface 
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the abraded and more or less obscured impressions of Oonularia or of one of 
the associated bivalves. 

This would in itself be sufficient proof, but confirmatory evidence is not want- 
ing. There are associated with this bed some shaly bands lithologically very 
similar to the matrix of the Conularia pebbles, but these bands have so far yielded 
no trace of a fossil: further, near Choah Saidan Shah, where the band is less 
markedly gravelly and where the pebbles have more the appearance of concre- 
tionary nodules than near Tobar, there are frequent lenticular masses of an inch 
or more in thickness and 6 to 12 inches in length which are undoubtedly of con- 
cretionary origin and formed in situ, but those, though they have been most care- 
fully searched by Dr, Warth, have yielded no trace of a fossil. Yet another piece 
of evidence is the occurrence, though very rarely, of pieces of pale micaceous 
sandstone in this band, and one of these fragments showed obscure impressions of 
Oonularia ; now this fragment was angular in outline, and is moreover very differ- 
ent in aspect from any concretionary nodule that has ever been seen by me—or, 
I may safely say, any other geologist. 

After this it might be thought superfluous to add anything further, but it will 
at any rate be advisable to notice the arguments on which Dr. Waagen based his 
final conclusion. Of these, the last, that founded on the homogeneity of the fauna, 
is without doubt the most important, and when taken in conjunction with the fact 
that four out of ten species are either identical with or closely allied te species 
which in Australia are found in beds that also exhibit proofs of glacial action, 
would seem to make this argument conclusive. Nevertheless, in the face of direct 
evidence pointing to a different conclusion, this becomes worthless. The peculia- 
rity, however, requires some explanation, and I offer the following hypothesis as one 
that is at least possible ; a careful examination of the fossiliferous pebbles has induced 
me to believe that for the most part they were originally concretionary nodules, 
though occurring in their present position as transported pebbles, I base this 
conclusion on the fact that they are frequently of somewhat irregular shape, and 
that then it is usual to find the fossils completely imbedded, while those pebbles 
which show distinct traces of transportation and m which the fossils are trunca- 
ted at the surface are usually fairly well rounded and water-worn, It will beseen 
that if this contention is correct, and if shaly beds with concretionary nodules, for 
the most part formed round fossils, had been exposed in the neighbourhood, it 
would not be difficult to account for the abundance of pebbles formed from these 
same nodules. : 

With regard to Dr. Waagen’s first reason, the restriction of the “‘ concretions ”’ , 
to the top of the bed in which they are found, I cannot allow this to pass as a correct 
description of their mode of occurrence, though, if correct, I do not consider that 
it would prove anything. Undoubtedly the fossiliferous pebbles do occur more 

‘abundantly near the top of the bed than in the lower portions; but this is easily 
explained by the fact that most of the pebbles in this band of gravel are of quartz 
or hard crystalling rook, and are of greater specific gravity than the fossiliferous 
pebbles. In consequence of this, the latter would be swept away by a current only 
sufficient to transport the former ; but as the current died away, it would no longer 


} Supra, p. 44, 
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bring down the heavier pebbles and a layer of the lighter fossiliferous pebbles 
would be deposited before the current ceased to be able to transport even them. 
This hypothesis is supported by the fact that, while the crystalline pebble gravel 
is very distinct near Tobarand Pid, itis almost absent in the exposures near Choah 
Saidan Shah, and the bed, here very much thinner, contains very few pebbles 
besides the fossiliferous ones and some of slate and impure limestone. 

This thinning out of the bed to the northwards is in contradiction to Dr. 
Waagen’s original supposition, that the fossils came from the Himalayas—an 
Opinion which must have been founded on pure hypothesis, and is not supported 
by any known fact for, not only have no Himalayan beds yielded fossils similar 
to those of the pebbles, but allthe fragments of rock in the assuciated boulder beds 
are of most conspicuously peninsular origin, not a few are of the very peculiar 
and easily recognizable Malani porphyry. It is consequently to the southwards 
that we must look for the original source of these fossils; the only locality where 
any rock is exposed in that direction is the Korana hills, and unless the mother rock 
of these pebbles is found there or in the Sali-range itself, it must be buried 
beneath the alluvium of the Punjab. 

Having shewn that the fossils are of derivative origin and can, consequently, 
not be appealed to in determining the age of the beds in which they occur, it re- 
mains to see whether there is any stratigraphical evidence in favour of the associa- 
tion of the boulder beds of the Olive group with those of the speckled-sandstone 
which has been advocated by Dr. Waagen, and to determine whether it will be 
necessary to draw any line of division in what has so far been regarded as a 
single group, I may at once remark that I can find no evidence whatever in 
favour of these hypotheses, but have every reason to agree with Mr. Wynne in 
associating these beds with the nummulitics rather than with the older beds, and 
in regarding them as forming a single homogeheous series. 

Not the least forcible of these is the fact that Mr. Wynne, a most careful ob- 
server, the accuracy of whose mapping it would be impossible to overpraise, und 
who had most ample opportunities for examining the rocks in detail, was distinctly 
of opinion that the beds of the Olive group belong to a single conformable series 
of beds, and that this is more closely related to the overlying nummulitic beds than 
to the underlying salt-pseudomorph group which he regarded as of triassic age. 

That this conclusion 1s correct, is proved by the marked unconformity which 
can be traced between the salt-pseudomorph group and the Olive group, and the 
equally marked gradual transition from the latter into the soft white sandstones 
- which underlie the nummulitic coal. 

This unconformity is well seen on the main road from Pind Dadan Khan to 
Rawalpindi just beyond the 8th milestone, where the road runs in a sidelong 
cutting in the steeply sloping hill side. Here there may be seen a small lenticular 
patch of boulder conglomerate apparently interbedded in the red beds of the salt- 
pseudomorph zone, but this is so exceptional and so much at variance with what 
is seen elsewhere that I cannot doubt that the interbedding is only apparent and 
that the appearance is due to slippage, of which there is ample indication just here, 
But everywhere, as long as the junction is exposed on the road section, the boulder 
conglomerate is scen to rest on the obliqucly and irregularly truncated edges of 
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the beds of the salt-pseudomorph group. ‘Where the boundary runs up the hill 
side this is of course not so clearly seen, though the unconformity can be detected 
in the ravines ; but here, as in the road cutting, the boulder bed where in contact 
with the older rocks is full of fragments evidently derived from them. 

An equally cogent argument may be derived from the fact that on all the 
sections I have examined the base of the Olive group is well marked by the 
sudden appearance of boulders of crystalline rock of large size. At their first ap- 
pearance they are always fairly abundant and below the point at which they first 
appear, not even a pebble can be found ix situ. But passing upwards the very 
reverse is the case, the boulders disappear gradually, becoming rarer and rarer, 
and long after they cease to occur with any regularity isolated fragments may 
occasionally be seen. Traces of glacial action are not common as high up in the 
series as the Conularia bed, but they do occasionally occur, as near Tobar, and on 
the descent from the Dandot plateau to the Makrach gorge (where I did not find 
the Conularia bed), one boulder occurred in a white sandstone which appears to 
represent the Curdita beawmonti zone. Now the section up from the Conularia 
bed, which evidently must be associated with the glacial boulder beds, to the 
soft white sandstone which underlies the coal shale, can be very well seen in 
several places and nowhere perhaps better than on the western descent from 
the Pid Bungalow (Pid Pole of the map) and on the hill side just mentioned above 
the main road close beyond the 8th milestone from Pind Dadan Khan, and 
wherever the section is well exposed there can be seen to be a continuous sequence 
and gradual transition from the Conularia bed to the soft sandstones which, as far 
as I can understand the case, represent the Cardita beaumonit zone of Dr. Waagen. 
The section above these cannot be so well seen, but there is no reason whatever 
for supposing that there is anything like an unconformity between them and the 
nummulitic coal shales. 

Dr. Waagen has suggested that the boulder beds of the Olive group and 
those of the speckled-sandstone are the same. [I find it impossible to accept this 
view, for not only did Mr. Wynne regard them as absolutely and entirely distinct, 
but the colouration, from which their name was derived, is so marked and so 
distinct that it is possible to recognize the occurrence and even to trace the 
boundary of this group from a distance—in fact from as far as it is possible to 
see the distinction between hill and valley. It is hardly conceivable that this 
atrongly marked feature should be a merely local phenomenon and not indicate a 
difference of age. 

The stratigraphical relations of the beds are thus seen to show that the Olive 
group is a homogeneous group and must be associated with the overlying num- 

mulitic beds rather than with the underlying palsozoic or early secondary beds. 

If it should be objected that it is improbable that there should be such a 

development of glacial boulder beds at more than one geological horizon, I would 
point out that Mr, Lydekker found beds, of evidently glacial origin, in Ladak, 
which, like those of the Salt-range, conformably underlie the nummulitic series.} 


1 This must be taken merely as a suggestion. Ido not bind myself to anything except that 
the fossils occur in derivative pebbles, and that the Olive group of Mr. Wynne is of later origin 
than the rock from which they are derived. 
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As regards the speculations Dr. Waagen has based on these fossils, they are very 
similar to some which I put forward in 1884,! except that the latter were perhaps 
more in accordance with the known principles of physical geography, which hard- 
ly warrant us in picturing a glacial epoch wandering about the earth like a hon seek- 
ing whom or what it may devour. All snch speculations, though useful in indicat- 
ing possibilities, should be used with great caution, and should vot under any 
circumstances be regarded as serious geology. 

To sum up: Ist, the fossils discovered by Dr. Warth being of derivative origin, 
simply prove that the Olive group is post-carboniferous ; 2nd, the stratigraphical 
relations of the beds prove that it isa homogencous group which is closcly associated 
with beds of acknowledged nummulitie age ; 3rd. it is inall probability of contem- 
poraneous origin with the infrasnummulitie glacial beds of Ladak; 4th, there is at 
present neither need nor reason for a revision of Aly, Wynne’s survey ; and 5th, the 
question as to the age of the Talchir group of the Gondwana series is left precisely 
as it would be had these fossils never been discovered. 


Memorandum on the discussion regarding the boulder-beds of the Salt-range, 
by H. B. Mepuicott, Director of the Gvological Survey of India. 


The promulgators of an important announcement are bound to give immediate 
publicity to any doubt that may arise regarding it, and I accept Mr. Oldham’s 
note as throwing much doubt upon the new view of the Salt-range sections ex- 
pounded by Dr. Waagen in the last number of the Records; but as the note is 
not completely demonstrative and exhanstive, it is desirable to anticipate farther 
discussion by an appraisement of the present evidence on both sides. 

Having no personal knowledge of the ground, I accepted the new view on its 
merits as represented by Dr. Waagen, who next to Mr. Wynne was most familiar 
with the sections in question, and he was morcover in direet communieation with 
the observer who furnished the immediate data for the change of inicrpretation. 
In adopting the view so forcibly presented | hud the satisfaction of finding that 
no discredit was imputed to Mr. Wvynne’s work. Besides that Dr. Waagen was 
himself almost as much concerned as Mr. Wynne in any oversight that hud been 
made, it seemed that the oversizht in question was of a most venial nature—-the 
not having detected fossils in a particular thin bed of gravel; and I know well how 
deceptive may be an appearance of natural continuous sequence of strata. On the 
whole, as represented by Dr. Waagen, the proposed view seemed to me to recon- 
cile some apparent anomalies in the stratigraphy of the Salt-range as represented in 
Mr. Wynne’s memoir, notably the similarity noticed by him in the several boulder. 
beds placed in very different horizons, although apparently in more or less con- 
tinuous connexion. I even thought that the new reading would be especially 
pleasing to Mr. Wynne, as tending to re-vindicate his original view of the occur- 
rence of older paleozoic strata in the castern Salt-range, which had been the 
principal point of difference between him and Dr. Waagen. I did indeed per- 
ceive a want of due discussion of pctrological and stratigraphical evidence in 

3 Some rough notes for the construction of a chapter in the History of the Earth, J.A.S. B., 
(1884). 

pl 
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Dr. Waagen’s presentation of the case, but this seemed attributable to the fact 
that Dr. Warth is not a practised observer, and the main arguments brought 
forward appeared overwhelming ; these were, the occurrence of a small special 
fauna in a particular bed over a large area; and, that the reputed boulder-bed 
of the Olive group comes to an end just where the speckled-sandstone boulder 
group comes in. Coincidences such as these would be little short of miraculous 
if fortuitous; and the two together seemed, as I say, overwhelming. Neverthe- 
less I determined to have the case looked into at an early date. My only reluc- 
tance in deputing Mr. Oldham for this duty was that he might be unconsciously 
inclined to favour a view that seemed to tally so well with his own recent observ- 
ations. His decision has, however, been decidedly adverse. 

It would have been impossible for Mr. Oldham in a short visit at the end of 
the working season, when the Salt-range is like a fiery furnace, to have made 
anything like an exhaustive study of this question. He confirms the leading 
facts of the occurrence of these peculiar fossils, though not absolutely restricted 
to the one layer. This of course so far strengthens Dr. Waagen’s position, upon 
the exclusive presence of palseozoic fossils in what were taken to be cretaceous 
deposits. Mr. Oldham brings the petrological evidence to what he considers 
demonstration point: that these fossils are all transported and cannot therefore 
be taken as indicating the age of the bed in which they occur; he admits that 
the ‘ pebbles’ were originally concretionary, but that in their present position 
they are true pebbles. It is at least possible to demur to some of his arguments 
involving ‘a priort’ views of what may or may not be possible in this mode of 
solidification. The symmetry of form usually conveyed by the word ‘nodular’ 
is more or less implicd in this argument as necessary, which may be questioned : 
most of us have seen conglomerates and gravels cemented by carbonate of lime in 
more or less irregular form and degree; kankar and flints commonly assume the 
most fantastic shapes, and I certainly have seen flints with fossils not merely 
appearing at the surface but projecting beyond it. Again, these Conularie, 
like most fossils, were at first virtually pebbles, and subject to abrasion from 
water movements; can it be said to be @ prior: impossible that in becoming 
included in lumps formed in the matrix the abraded end of a Conularia might 
remain at the surface of the lump so formed? Mr, Oldham’s ruling on this 
petrological point might be made almost absolute if he could assert that the 
ground-mass of the gravel bed is quite different from that of the fossiliferous 
pebbles in the bed. 

But even granting the literal correctness of Mr. Oldham’s opinion, that these 
fossiliferous pebbles were not formed in the very bed where they occur and are 
not therefore rigorously contemporaneous, the puzzle would not be solved; nor 
is it much affected by Mr. Oldham’s explanation of how these pebbles might 
have been sorted as we find them. This only shows how the disputed fact 
must have come about if it is a fact, but to avoid which Dr. Waagen felt com- 
pelled to adopt the view he has brought forward. Is it conceivable that in upper 
cretaceous time, when the abundantly fossiliferous permian and secondary deposits 
were in force in the neighbourhood and presumably exposed to denudation if older 
deposits were 60, & special collection of fossils from those older deposits can have 
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been raked together, transported together, and deposited together at a distance 
by the promiscuous process of detrital agency ¥ Is it not more plausible to 
suppose that they were washed into the gravel bed from some contemporaneous 
(palseozoic) pool deposit close by ? So long as special paleozvie fossils only are 
found in these beds, their upper cretaceous age will be open to doubt, 

Mr. Oldham next takes up the stratigraphical question of the relation of the 
Oonularia beds to those above and below them. As to the upward succession he 
strongly re-affirms the view of a continuous sequence up to the nummulitic coal- 
measures. This opinion must carry much weight; but it would be difficult to 
say that the possibility of deception is inadmissible. Even ifa stray Conularia 
pebble were found in the true Curditu beanmonti beds there would be no wonder, 
considering their abundance in the zone below. The strong unconformity of the 
boulder-bed to the underlying salt-pseudomorph group would only be pertinent to 
the question at issue through the relation of the latter to the speckled-»sandstone 
group, regarding which point no fresh information 1s given. 

The lines of evidence so far considered are only susceptible of enmulative 
proof, In the sections west of Makrach it ought to be possible to get absolute 
evidence in favour of the old interpretation if it be tenable. This is the second 
crucial point in Dr. Waagen’s position, the relation of the eastern boulder-bed to 
those of the speckled-sandstone. Mr. Oldham’s investigation did not reach so 
far. 

Even if the eastern end of the boulder beds should remain as originally 
placed, in the cretaceo-eocene zone, those of the western and trans-Indus sections 
which are undoubtedly palssozoic, will still hold the position assigned to them by 
Dr. Waagen, as presumably representing the Talchirs. 


Note on the Gondwana Homotaxis, by R. LypEKKER, B.A., FS. 


It is extremely interesting to notice how very closely the age assigned to 
the different groups of the Gondwanas from the discoverics recorded by 
Dr. Waagen! and Mr. Oldham * tallies with that indicated by the vertebrates. Iu 
dealing with the vertebrates of certain Gondwana groups, | havo shown? that 
their evidence taken alone would indicate the following homotaxy, viz.:— 

Ue Cites seta ; (Jabalpur and Rajmahal). 
Low. Trias. :— Panchet. 
Permian :—Bijori, and Mangli (Up. Damuda). 


This would indicate that the Barakars (Low. Damuda) correspond either with 
the lower permian or the upper carboniferous, and the Talclirs other with the 
upper or lower carboniferous.* In the face of the apparently contradictory 


1 ‘Rec. Geol. Surv. Ind.,’ vol. xix, pp. 22—38 (1886). 

4 Tbid, pp. 39—47. 

3 * Palzontologia Indica,’ Ser. 4, vol. i, pt. 4, p. 2, and pt. 5, p. 2. 

* Dr. Waagen classes the Salt-range boulder-bed (the equivalent of the Talchirs) with the 
upper carbonifervus, as he affiliates it to the lower Productus-limestone which 1s provisionally 
referred to the same period. The marked unconformity between the two suggests, however, as 
Mr. Medlicott ubserves, a somewhat lower horizon (¥ lower carboniferous) for the two bould-r-beds. 
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plant-evidence, 1 did not venture to assert that such homotaxy was the true one, 
but its almost precise agreement with that given by Dr. Waagen ! can scarcely be 
an accidental coincidence, and therefore indicates that it may be approximately 
accepted, and also shows that in future greater value may be attached in such 
cases to vertcbrate evidence than has hitherto been considered prudent. 

The second point I have to notice is the probable occurrence in the North- 
Wes. Ilimalaya of a representative of the Salt-range (Talchir) boulder-bed. In 
the Kashmir area the Kuling series apparently corresponds to the lower Pro- 
ductus-limestone, which Dr. Waagen? regards as probably equivalent to the 
upper carboniferous.? Beneath this series there occurs a considerable thickness of 
trap, underlain by a conglomerate, which has been correlated with the Blaini 
group of Simla, and has been compared both by Colonel McMahon and myself * 
to a glacial boulder-bed. Disregarding the traps, the presence of which is so-to- 
speak accidental, it will be apparent that the boulder-bed holds much the same 
relative position to the Kuling scrics as the Salt-range boulder-bed does to 
the Productus-limestone, and the presumption therefore is that the two are 
approximately equivalent. Other boulder-beds lower down in the Himalayan 
series point to the prevalence of glacial conditions at an earlier epoch. 


ADDITIONS TO THE MUSEUM. 
From lst January To 3lst Marcy 1886. 


Specimens of sandstone, white marble, ferrnginous limestone, and limestone, some cut and 
polished, and gypsum in the raw state and prepared tor use, 21 specimens in all, from 
different localities in Jodhpur and Jesalmir. 

PRESENTED BY THE Pouiticat AGENT, JEYPORE. 

Six specimens of bleedite from the Waicha mine, Mayo salt-mines, Punjab. 

PresentED By Dr. H. Warrta. 


Some gem sand (mostly spinel) from Mogout, Upper Burmah, and a specimen of jadeite from 
the palace, Mandalay. ‘ 
PRESENTED BY Dr. R. Romanis, Rancoon. 


A specimen of cerussite, with quartz and ochre, from Bardi district, South Rewah. 


PRESENTED bY Mason D. W. K. Bare, Potiticat AGENT, BHAGEL- 
KHAND, AND SUPERINTENDENT OF REWAH STATE. 


= 


' Op. cit., pp. 34-35, 

2 Op. cit., p. 82. 

8 Basing my judgment on the number of species common to the Kuling and Productus.- 
limestone and the Mountain-limestone, I have previously (Mem. Geol. Surv. Ind., vol. xxii, p. 161 
[1848]) referred both the former groups to the lower carboniferous, having overlooked a previously 
published note of Dr. Waacen’s to the effect that the Pioductus-limestone was not newer than the 
upper cai boniferous (see Manual of Geology of India, Pt. 2, pp 492-3 [1879]). The reference of the 
Kuling to the upper instend of the lower carboniferous accords much better with the fauna of the 
succeeding strata, which (as in the Sult-range) has a triassic facies. The age of the Moth series 
( provisionally referred by Stoliczka to the upper silurian) which underlies the Kuling of Spiti, and 
has been correlated with the Blaini, requires re-cousideration. 

4 Mem. Geol. Surv. Ind., vol. xxii, p. 247. 
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A large piece of nummulitic coal from Chitteedand, 10 miles west of Khewrah, Salt-range, 
Punjab. 


Presenter By Dr. W. Warts. 
Four specimens of fossil plants from the Raniganj colliery. 
Prrsestep ny Mr. G. Barton, Raxreang. 
Pebbles with Conularia, etc., from the Olive gioup ef the Silt-range. 


Prresceatren ry Dg. H. Warr. 


ne Ree een cree oe eee 


ADDITIONS TO THE LIBRARY. 


From let Janvary To 3lst Marcu 1886. 
Titles of Books. Donore. 
Anperson, J. W.-—The Prospector’s Handbook. A guide for the prospector and travellerin 
search of metalebearing or other valuable minerals. 8° Londen, T886. 
Bau, Falentine~On the collection of the fossil mammaliaof Lreland in the Science aud Art 
Museem, Dublin. 1° Pam. Dublin, 7885, Tie Arriior, 
Becxrr, George F.—A theorem of maximum dissipativity. 8° Pam. New Haven, ]8s6, 
Tig AvTiHIOR, 
” A new law of Thermo-Chemistry, 8° Pam. New Haven, 1886. 
Tus Autuor, 
Bonney, ZT. G.—On the Archean rocks of Great Britain. 8° Pam. ® London, 1885. 
KR. LyYprk «rn. 
.9 Address delivered at the anniversary meeting of the Geological Society of 
London on the 20th February 1885. 8° Pam. London, 1855. 
R. LYDrK AER. 
Bronn’s Klassen und Ordnungen des Thir-Reichs. Band VI, Abth. 3, lief, 48-419. 8° 
Leipzig, 1885. 
Buck er, William.—The larveof the British Butterflies and Moths, Hdited by H. T. 
Stainton. Vol. I. (Ray Soe.), 8° London, 1886. 
CamERon, Peter.—A monograph of the British Phytophagous Wymenoptera. (Tenthredo, 
Sirex and Cynips, Linné). Vol. IT. (Ray Soc). 8° London, 1885, 
Corr, £. D.—Synopsis of the species of Oreodontide. 8° Pam. Philadelphia, 1881. 
: R. LyDEKKER. 
; On the structure of the skull in the Elasmobranch genus Didymodus. 8° 
Pam, Philadelphia, 1884. R, LyprxKen, 
Dorxz, Pat.—Coal-mining by bhusting in the Bengal coal-fields. Fisc, Pam. Roorkee, 1885. 
Tor AUTHOR. 
Duront, Edouard —Note sur le terrain Devonien Moyen de la Belgique. 8? Pam. 
Bruxelles, 1885. Tur AUTHOR, 
‘ Sur les calcaires frasniens d’originne corallienne et sur l-ur distribution 
dans le massif paléozoique de la Belgique. 8° Pam. Bruxellr, 1885, 
Tor AUTHOR, 
e Note sur le Devonien Inférieur de la Belgique. 8° Pam. Bruxelles, ng, 
1885. Tur AuTnop 
Fritsco, Dr. Ant.—Fauna der Gaskoble und der Kalksteine der Permformation Boébm-n Pe,y. 
Band II, heft 2. 4° Prag, 1885. 
GREewinex, C.—Die geognostischen und orographischen verhaeltnisse des Noerdl' 
siens. 8° St. Petersburg, 1853. 
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Titles of Books. Donors. 
JACKSON, James.—Tableau de diverses vitesses exprimées en métres par seconde. 8° Pam. 
Paris, 1885. THE AUTHOR. 
Kunz, George F.—Precious stones. 8° Pam. Washington, 1885. Toe AurHor. 
Lemoine, M. Etude sur le Neoplagiaulax de Ja faune éocéne inférieure des environs de 
Reims. 8° Pam. Paris, 1883. R. LyDEKKER. 
LEeMoInz, Victor.—La vigne en champagne pendant les temps géologiques. 8° Pam. 
Chalons, 1884. R, LypEKKER. 


LyprexKxer, Richurd— A revision of the antelopes of the Siwaliks. 8° Pam. London, 1885. 
KR. LYDEKKER. 

Note on an apparently new species of Hyopotamus (H. Picteti, 
nobis). §&° Pam. London, 1885. R. LypEexKKER: 
Note on the generic identity of the genus Esthonyx, Cope, with 
Platychewrops, Charlesworth (=Miolophus, Owen). 8° Pam. London, 
1885. R. LypEKKER. 
Note on some Siwalik bones erroneously referred to a Struthioid 
(Dromeus (P) Sivalensis, Lyd.) 8° Pam. London, 1883. R. LyDEEKER. 


- Note on three genera of fossil Artiodactyla, with description of a 


new gpecies. 8° Pam. London, 1885. R. LyDEKKER. 
MryeEr, Ofto.—The genealogy and the age of the species in the southern Old-Tertiary. Parts 
1-2. 8° Pam. New Haven, 1886. R. LYDEKKER. 


Mopgray, James A. H.—A new English Dictionary on historical principles ; founded mainly 
on the materials collected by the Philological Society. Part 2. 4°. 
Oxford, 1885. 
Notes on products of the Makum coal-measures exhibited by the Assam Railways and 
Trading Co., Ld., at the Colonial and Indian Exhibition, London, 1886. 
2ud edition. 8° Pam. Dibrugarh, 1886. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
Paléontologie Francaise. 1" série. Animaux Invertébrés. Terrains Tertiaires. Tome I, livr. 
1-2: and 2™° série, Végétaux, Tome IV, livr. 34. 8° Paris, 1885-1886. 
Prestwich, Joseph.—' Regional Metamorphism.” 8° Pam. London, 1885. 
R. LYDEKKER, 


Scumuint, Carl Wilkelm—Die Liparite Islands in geologischer und _petrographischer 
Beziehung. 8° Pam. Berlin, 1885. THE AUTHOR. 
Tomson, Sir C. Wyville, and Murray, John.—Repoit on the scientific results of the 
voyage of H. M.S. “Challenger” dming the years 1873—76. Zoology. 
Vols. XII-XIII, 4° London, 1885. 

THE SECRETARY OF StatTE FoR InpIa. 

WaLTEennoren, A, von.—Ueber die Thermen von Gastein. 8° Pam. ‘Wien, 1885. 
THe AUTHOR. 
Warp, Thomas. H.~- The Indian Coal-mines. Is legislation necessary to regulate their work- 


ingP Some remarks on “The Critic criticised,’ by Joseph Chater. 8° 
Pam. Calcutta, 1886. THE AUTHOR. 


Zirryt, Karl A.—Handbuch der Paleontologie. Band II, Abth. I, lief 5, and Band II, 
Abth. IT, lief 4. 8° Miinchen, 1886. 
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PERIODICALS, SERIALS, &c. 


Titles of Books. Donors. 

American Journal of Science. 3rd series. Vol. XXX, No. 180, and XXXI, Nos. 181—183. 
8° New Haven, 1885— 1886. Tre Epirors. 

American Naturalist. Vol. XIX, Nos. 10—12, and XX, No.1. 8° Philadelphia, 1885— 
1886. 


Annalen der Physik und Chemie. Neue Folge. Band XXVI, heft 4, and XXVII. Nos. 1—2. 
8° Leipzig, 1885—1886. 
Annales des Mines. 8™* série. Tome VIII, livr. 4—5. 8° Paris, 1885. 


L’apMINS. DES MINES 


Annales des Sciences Géologiques. Tome XVII—XVIII. 8° Paris, 1885. 

Annales des Sciences Naturelles. Botaniqne. 7° serie. Tome I], Nos. 2—6. &° Paris, 
18885. 

Annales des Sciences Naturelles, Zoologie und Paléontologic. 6™° série. Vol. XIX, Nos. 2— 
3. 8° Paris, 1885. 

Annals and Magazine of Natural History. 6th series. Vol. XVII, Nos. 97—99. 8° 
London, 186. 

Archiv fir Naturgeschichte. Jahrg. LI, heft 4. 8° Berlin, 1885. 

Athenzum. Nos. 3034—3015. 4° London, 1885—1886. 

Beiblatter zu den Aunalen der Physik und Chemie. Band IX, No. 12, and X, Nos. 1—2. 
8° Leipzig, 1885—15x6. 

Bibliothéque Universelle et Revue Suisse. 3™° période, Tome XXVIII, Nos. 83—84, and 
XXIX, No. 85. 8° Lausanne, 1885—1886. 

Bibliothéque Universelle. Archives des Sciences Physiques et Naturelles. 3°° période. 
Tome XIV, Nos 9—12. 8° Genéve, 1885. 

Botanischer Jahresbericht. Jahre. XI, Abth. I, heft 2. 8° Berlin, 1885. 

Botanisches Centralblatt. Band XXIV, Nos. 11—-13, and XXV, Nos. 1—9. 8° Cassel, 
1885—1886. 

Chemical News. Vol. LII, No. 1360 to LIII, No. 1371. 4° London, 1885—1886. 

Colliery Guardian. Vol. L, No. 1303 to LI, No. 1314. Fol. London, 1885—1886. 

Das Ausland. Jahrg. LVIII, Nos. 50—52, and LIX, No,. 1-9. 4° Stuttgart, 1485—1886-. 

Geological Magazine. New series. Decade III, Vol. II]. Nosyl—3. 8° London, 1886. 

Iron. Vol. XXVI, No. 675 to XX VII, No. 686. Fol. London, 1885—1886. 

Journal de Conchyliologie. 3™° série. ‘ome XXV, No.3. 8° Paris, 1885. 

Journal of Science. $rd series. Vol. VII, Nos, 143—144. 8° London, 1885. 


Tue Epiror. 


London, Edinburgh and Dublin Philosophical Magazine and Journal of Science. 65th series. 
Vol. XXI, Nos. 128—130. 8° London, 1886. 

Mining Journal, with Supplement. Vol. LV, No. 2625 to LVI, No. 2686. Fol. London, 
1885—1886. 

Nature Novitates. Nos. 24—25 (1885), and Nos. 1—4 (1886). 8° Berlin, 1885—1886. 

Nature. Vol. XXXIITTI, Nos. 842—853. 4° London, 1885—1886. 

Neuen Jahrbuch fii: Mineralogie. Geologie und Palaeontologie. Juhrg. 1886, Band I, heft 
1. 8° Stuttgart, 1886. 

Repertorium zum Neuen Jahrbuch fiir Mineralogie, Geologie und Palaeontologie fiir die Jahr- 
giinge, 1880—1884, und die Beilage-Bainde I—II. Von Dr. Leopold van 
Werveke. 8° Stuttgart, 1885. 

Palaeontographica. Band XXXII, lief. I. 4° Stattgart, 1885. 
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Titles of Books. Donors, 

Petermann’s Geographische Mittheilungen. Band XXXI, No. 12, and XXXII, Nos, 1—2. 
4° Gotha, 1885—1886. 

Petermann’s Geographische Mittheilungen. Supplement No, 80. 4° Gotha, 1885. 

Professional Paperson Indian Engineering. 3rd series. Vol. IIT, No. 12. Fisc. Roorkee, 


1885. THomason COLLEGE oF CIviL ENGINEERING. 
Quarterly Journal of Microscopical Science. New series. Vol, XXVI, No. 101. 8° London, 
1885. 


Zeitschrift fiir Naturwissenschaften. Folge 4. Band IV, heft 4—5. 8° Halle, 1885. 
Zoological Record. Vol. XXI. 8° London, 1885. 


GOVERNMENT SELECTIONS, REPORTS, &c. 


Titles of Books. Donors. 
Assam.—Report on the administration of the province of Assam for 1884.85. Foc. 
Shillong, 1886. CuinF ComMIssiongR, AssaM, 
BenGaL.— Quarterly Bengal Army List for Ist January 1886. New series. No. 95. 8° 
Calcutta, 1885. GovVERNMENT oF INDIA 
Report on the administration of Bengal, 1884-85. Flsc. Calcutta, 1886. 
GovERNMENT oF BENGAL, 
BomBay.—Magnetical and meteorological observations made at the Government Observatory, 
Bombay, 1884. 4° Bombay, 1885. Bombay OBSERVATORY. 
Report on the administration of the Bombay Presidency for 1884-85. Fsc. 
Bombay, 1885. BomBaY GOVERNMENT. 
HypERraBaD.—Report on the administration of the Hyderabad Assigned Districts for 
1884-85. Flsc. Hyderabad, 1885. THE Resident, HYDERABAD. 
Inp1a.—Administration report on the Indian State Railways from the commencement to the 
end of 1879-80, and administration report on Railways in India for 
1880-81 to 1884-85. Flsc. Calcutta, Simla, and Roorkee, 1881 to 1885. 
GovgENMENT oF INDIA. 
List of officers in the Survey Departments corrocted to 1st Jannary 1886. Flec. 
Calcutta, 1886. REVENUE AND AGRICULTURAL DEPARTMENT, 
Meteorological observations recorded at six stations in India in 1885, reduced 
and corrected. September and October. 4° Calcutta, 1885-1886. 
MerroroLoGcicaL REPORTER To GOVERNMENT OF Inpia. 
Selections from the records of the Government of India, Foreign Department. Nos 
207, 208 and 210. Fisc. Calcutta, 1885. ForEIGN DEPARTMENT. 
Mapras.—Manual of the administration of the Madras Presidency, in illastration of the 
records of Government and the yearly administration reports. Vol. II. 


” 


39 


+ 


Flsc. Madras, 1885. Mapras GOVERNMENT. 
» Report on the administration of the Madras Presidency during 1884-85. Flec, 
Madras, 1885. Mapgas GOVERNMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


Batrimogg.— American Journal of Mathematics. Vol. VII, No. 4. 4° Baltimore, 1885. 
Jouns Horxins UNIVERSITY. 
BaseL.—Verhandlungen der Naturforschenden Gesellschaft in Basel. Theil VII, heft 3. 
8° Basel, 1885. Te Society. 
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Titles of Books. Donors, 
Brurast.—Report and Proceadings of the Belfast Natural History and Philosophical Society 
for 1884-85. 8° Belfast, 1885. Tus Sovrety 
BeRLin.—Sitzungsberichte der Konig. Preussischen Akademie der Wissenschatten zu Berlin 
Nos. I—XXXIX. 8° Berlin, 1885. THR ACADEMY. 

‘3 Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXAVIT, hefta. 8° 
Beilin, 1885. The Socrery. 
BomBay.—Journal of the Bumbay Bianch of the Royal Asiatic Society. Vol. XVI, No. 43. 
8° Bombay, 1885. The Socrety. 
Boston.—Memoirs of the Boston Society of Natural History. Vol. LIT, Now 11. 1° Boston. 
1885. THE Socrrry, 

. Proceedings of the Boston Society of Natural History, Vol. XAT, part -t, 
and XXIII, part 1. 8° Boston, 188 41-1885. THE Society. 
BavssEts.—Bulletin de la Société Royale belge de Géographic. Année IX, Now 6—6. 8° 
Bruxelles, 1885, Tur Socrery. 

‘i Bulletin du Musée Royal d’ Histoire Naturelle de Belgigue. Tome IV. No. 1. 

8° Bruxelles, 1585. Tit Museum. 
BucHaREst.—Anuarulu Biuroului Geologicu. No. 1, 1832-83, No 2, 1833-54, and No. 1, 
1884. 8° Bucharest, 1884-85. GeoLogIcaL Burka, Becuarsst. 


Bupapest.—Termeszetrajzi Fiizetek. Vol. IX, Nos. 3—4. 8° Budapest, 1885. 
Tae Wouncartan NarionaL Moseum. 
Buenos Arges.-—Boletin de la Academia Nacional de Ciencias en Cordobi. Tomo VIII, 
No.1. 8° Buenos Aires, 1885. Tue ACADEMY. 

Catcurra.—Caleutta University Calendar, 1886. 8°? Calcutta, 1885. 

H. B. Mepurcorr, 
: Journal of the Asiatic Society of Bengal. New series. Vol. LIV, part I, Nos. 
3—4. 8° Calcutta, 1885. Tie Society. 
‘5 Proceedings of the Asiatic Society of Bengal. Nos. IX—X. &° Culcutta, 
1885-86. Tur Socirty- 
me Records of the Geological Survey of India. Vol. XIX, part IJ. 8° Calcutta, 
1886. GEOLOGICAL Survey or INDIA. 
- Survey of India Department. Notes for November and December 1885, and 
January 1886, Fsc., Calcutta, 1885-1886. Survey or Inptia. 
CaMBRIDGE, Mass.—Annual report of the Curator of the Museum of Comparative Zodlogy 
for 1884-85. &° Cambridge, Mass., 1885. Tue Mcsecm. 
s Bulletin of the Museum of Coinparative Zudlogy. Vol. XII, No. 2. 8° 
Cambridge, Mass., 1885. Tne MvsEeum. 
‘5 Memoirs of the Museum of Comparative Zodlogy. Vol. X, Nos. 2 and 


4,and XIV, No.1, partl. 4° Cambridge, Mass., 1885. 
Toe Mouszvum. 


CopENnHaGEN.—Mémoires de l’Académie Royale de Copenhague. 6™° série. Vol. ITT, Nos. 


land 3. 4° Copenhague, 1885. THE ACADEMY. 

‘i Oversizt over det Kong. danske Videnskabernes Selskabs. No. 2. 8° Co- 
penhagen, 1885. THe ACADEMY, 
DresDEN.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesellschaft 
Isis in Dresden. Jahrg. 1885. &° Dresden, 1886. THE Society. 


Dusiin.—Journal of the Royal Geological Society of Ireland. New series. Vol. VI, part 
3. 8° Dublin, 1886. Tne Socrery. 
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DusuLin.—Prvceedings of the Royal Irish Academy. Series II, Vol II, Polite literature and 
antiquities, Nos. 5—6. Seies II, Vol. IV, Science, Nos. 1—4. 8° 
Dublin, 1884-85. THe ACADEMY: 
5 Royal Irish Academy. Todd Lecture Series. Vol. II, part 1. Irish Lexicography : 
an introductory lecture by Robert Atkinson. 8° Dublin, 1885. 
THe AcaDEMY. 
a Tiansactions of the Royal Irish Academy. Science. Vol. XXVIII, Nos. 14—20. 
4° Dublin, 1883—1885. Tor ACADEMY. 
EpINBURGH.—Scottish Geographical Magazine. Vol. JI, Nos. 1—2. 8° Edinburgh, 1886. 

Tux ScorrisH GrocraPuicat Society. 
GENEVAe—Mémoires de la Société de Physique et d’Histoire Naturelle. Tome XXIX, part 
1. 4° Genéve, 1884-85. THE Society: 
HagEispvee.—Reports of progress of the Second Geological Survey of Pennsylvania. A A 
Atlas, F,, K, P Vol. III, Ps, R, BR, Atlas. T, X Atlas, and Z. 8° 
Harrisburg, 1884-1885. Second GEOLOGICAL SURVEY OF PENNSYLVANIA. 

Lerps.—Annales de L’Ecole Polytechnique de Deltt. Livr. 3—4. 4° Leide, 1885. 
Ecorse Ponyreconigvuet, Det. 
Lonpon.—Catalogue of the Fossil Mammalia in the British Museum, (Natural history). 
Part II. By R. Lydekker. 8° London, 1885. THE MusEvuM, 
“ Journal of the Anthropological Institute of Great Britain and Ireland. Vol. 

XV, Nos. 2—3. 8° London, 1885-1886. 


2. Journal of the Royal Asiatic Society of Great Britain and Ireland. New series: 
Vol. XVIII, part 1. 8° London, 1886. Tue Society. 

‘5 Journal of the Society of Arts. Vol. XXXIV, Nos. 1725—1737. 8° London, 
1885-1886. THE Socrgry. 

is Mineralogical Magazine and Journal of the Mineralogical Society. Vol. VI, 
No. 30. 8° London, 1885. 

as Proceedings of the Roval Geographical Society. New series. Vol. VII, Nos. 


11—12, and VIII, Nos. 1—2%. 8° London, 1885-1886. THe SocizgrTy, 

‘i Proceedings of the Royal Society. Vol. XX XIX, No. 239. 8° London, 1886. 
THE Socrgry. 
+. Proceedings of the Zoological Society of London for 1885. Part III. 8° London, 
1885. Tue Sociery. 
= Quarterly Journal of the Geological Society. Vol. XLI, No. 164. With list of 
Members for 1885. 8° London, 1885. Tue Sociery. 
Maprip.—Boletin de la Sociedad Geografica de Madrid. Tomo XIX, Nos. 5—6. 8° Madrid. 
1885. THE Socierys 
MancugstEe.—Memoirs of the Mauchester Literary and Philosophical Society. 3rd series. 
Vol. VITI. 8° London, 1884. THE Society. 
” Proceedings of the Manchester Literary and Philosophical Society. Vols. 
XXII and XXIV. 8° Manchester, 1884-1885. Tue Soorsty. 
* Travsactions of the Mauchester Geological Society. Vol. XVIII, parts 
12—33, 8° Manchester, 1885. Tux Soctsry. 


Mrtawo.—Atti della Societa Italiana di Scienze Naturali. Vol. KXVII, fasc.1—8. 8° 
Milano, 1884-1885. Tw Socizery. 
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Monrreat.—Geological and Natural History Survey of Canada. Contributions to Canadian 
Paleontology. Vol. I, partl. By J. F. Whiteaves. 8° Montreal, 1886, 


THE SuRvEY. 
NEWCASTLE-ON-TyNE.—Transactions of the North of England Institute of Mining and 


Mechanical Engineers. Vol. XXXV, part 1. 8° Newcastle. 1886. 


Tue INstTiITUTE. 

Paris.—Bulletin dela Société de Géographie. 7™° série. Tome VI, Nos. 3—4. 8° Paris. 
1885. THE SOcIETY, 

»  Compte Rendu des Séances de la Société de Géographie. Nos. 19—20 (1885), and 
Nos. 1—5 (1886). 8° Paris, 1885-1886. Tue Society, 

» Bulletin de la Société Géologique de France. 3" série. Tome XIV, No.1. 8° 
Paris, 1886. THe Society, 
Panis.—Mémoires de la Société Géologique de France. 3™° série. Tome IV, No.1. 4° 


Paris, 1885. THE Society, 
PHILADELPHIA.—Journal of the Franklin Institute. 3rd series. Vol. XC, No. 6, and 
XC1, Nos. 1-2. 8° Philadelphia, 1885—1886. THE INSTITUTE. 

r Proceedings of the American Philosophical Society. Vol. XXII, No. 120. 

8° Philadelphia, 1885. THe Socrgry. 


Pisa.—Atti della Societa Toscana di Scienze Naturali. Processi Verbali, Vol. V, pp. 1—40. 
8° Pisa, 1885. THE Socrery. 


SHanoHalI.—dJournal of the China Branch of the Royal Asiatic Society. New series. Vol. XX, 


No. 4, 8° Shanghai, 1885. Tue Society. 
SinGAPoRE.—Journal of the Straits Branch of the Royal Asiatic Society. No. 15. 8° Singa- 
pore, 1885. THE Society. 

- Straits Branch of the Royal Asiatic Society. Notes and queries. No. 2. 


8° Singapore, 1885. - ‘Ade Socrery. 
Tox1o.—Memoirs of the Science Department, University of Tokio. No.6. 8° Tokio, 1881, 


ReYenve anp AGRICULTURAL DEPARTMENT. 

», Transactions of the Seismological Society of Japan. Vols. III and VIII. 8° Tokio, 

1881 and 1885. R. D. OtpHaM. 

Venics.—Atti del Reale Istituto Veneto di Scienze. Lettere ed Arti. Serie 5. Tomo VIII, 
No. 7, and Serie 6, Tomo I, No. 4. 8° Venezia, 1881—1883. 

” THE INSTITUTE. 

- Memorie del Real Istituto Veneto di Scienze, Lettere ed Arti. Vol. XXI, part. 3. 

4° Venezia, 1882. THe INSTITUTR. 

Vienna.—Annalen des K, K. Naturhistorischen Hofmuseums. Band I, No 1. 8° Wien, 

1886. THe MusEum. 

- Jahrbuch der K. K. Geologischen Reichsanstalt. Band XX XV. heft 4. 8° Wien, 

1885. THE INSTITUTE. 

- Verhandlungen der K. K. Geologischen Reichsanstalt. Nos. 14—18 (1885) and 


No. 1 (1886.) 8° Wien, 1885—1886. THE INSTITUTE, 
WasHineton.—Annual-report of the Board of Regents of the Smithsonian Institution for 
1883. 8° Washington, 1885. THE INSTITUTION. 

‘s Fourth annual reportof the U.S. Geological Survey, 1882-83. 8° Wash- 
ington, 1884. U.S. Ggotoeicat Survey. 

‘ie Memoirs of the National Academy of Sciences. Vol. III, part.1. 4° Wash- 


ington, 1885. THE AcapEMY. 
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WasHINGTON.—Proceedings of the National Academy of Sciences. Vol. I, part. 2. 8° 
Washington, 1884. THE ACADEMY. 

ss Report of the National Acadamy of Sciences for 1883 and 1884. 8° Wash- 
ington, 1884—1885. THe AcADEMY. 
YoxouaMa.—Transactions of the Asiatic Society of Japan. Vol. XIII, part.2. 8° Yoko- 
hama, 1885. THE SocreTy. 

MAPS. 

Harta geologica generala a Romaniei lucrata de membrii Biurouliu Geologic sub directiunea 
domnului Gr. Stefanescu. Bucharest. GroL. Burzav, BucHAREST. 
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THE GEOLOGICAL SURVEY OF INDIA. 
Part 3.] 1886. [August. 


Geological Sketch of the Vizagapatam District, Madras; by Wiutiam Kino, B.A., 
D.Sc., Superintendent, Geological Survey of India. 


INTRODUCTORY. 

The regular operations of the Survey have not yet been carried further north 
along the east coast than the southern limits of the Vizagapatam district; but, 
while on deputation last September with a view to ascertaining the possibility of 
artesian boring in Vizianagrum, I had an opportunity, through the facilities 
so graciously afforded me by His Highness the Maharajah of Vizianagrum and by 
the Rajah of Bobbili, of examining a good deal of the central and northern por- 
tions of the country, the results of which are now given as a preliminary and 
tentative sketch.! 

Artesian exploration.—The endeavour to obtain water by an artesian well had 
indeed been already made, in 1884, to the extent of boring into the crystalline rocks 
to a depth of 350 feet: the visible result being a well of exceedingly small dia- 
meter (6 inches at the most), holding water at some 30 feet below the sur- 
face of the ground, The story is simple and suggestive. The papers relating to 
artesian wells, already contributed to these Records by the Director of the Geo. 
logical Survey, show the conditions under which subterranean waters having a 
tendency to rise over the ground surface may be expected to exist ; the most pro- 
mising in India being those of porous strata occurring in extensive alluvial tracts 
having an increasing landward rise and supposable reception of water at the 
higher level. A notable exemplification is that of the alluvial deposits of Pondi- 
cherry which were tapped successfully some seven years ago: and as a conse- 
quence, ever since that time, hopeful looks have been cast at coastal and even 
inland alluvial plains, There is, however, no alluvial tract worthy of the 
name at Vizianagrum. Hard gneiss occurs in the immediate neighbourhood 


1 My examination of Vizagapatam itself was also most obligingly facilitated by Rajah G. N.] 
Gajapati Row, whose kindnesses I had already experienced many years before in Madras. 


A 
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of the town which is also environed by stretches of rising rocky ground or by 
hillocks and even hills of considerable height of the same class of rock; so that, 
on the face of it, no rising water could be expected. A mistaken idea has 
also arisen that the mere presence of hilly ground near or at a distance holds out 
a prospect of subterranean waters having a head, on which account the Elephant 
Hill or Chota Himalaya close at hand, or the lofty Galikonda range 30 miles to 
the west, used to be brought into the argument without any consideration of the 
fissured or jointed condition, or discontinuous stratification of the crystalline 
rocks forming them. However, the exigencies of the town as regards water-supply 
are such, that an artesian well was thought of as the possibly most convenient and 
even economical way of meeting them. In due time, two Canadian oil-well pros- 
pectors turned up, who, after a little concession to the Brahmin augurs, fixed 
upon a site on the fort glacis, and im time pierced several kinds of highly quartzose 
gneiss with the result mentioned above. A convenient force pump, called an 
American Artesian Pump, for raising water at any rate, was also judiciously pro- 
vided ; and as water did not rise, this was brought mto play, Concerning its 
action the following extract from the Canadian Engineer’s report is significant :— 
“Based on a long experience of these pumps, I should say that the stream 
pumped would yield about 4,000 to 5,000 gallons per diem. The yield would 
have been increased by running the pumps faster.” Mr. T. D. Harris, the 
Executive Engineer of Vizagapatam, was subsequently deputed to examine the 
works and from his report it is only necessary here to quote as follows :—“ All then 
being in order, the pump was started at } past 4 o’clock and worked to a j 
past 5 o’clock, exactly an honr ; during this period there was no hitch or stoppage 
whatever, but the quantity of water pumped was at the rate of only 4 a cubic foot 
per minute, or 30 cubic feet per hour, whey the well was pumped perfectly dry. 
The water was sweet and wonderfally discoloured, and particalarly the last stuff 
brought up being a dark bluish mud. The pump I may state was put down to a 
depth of 344 feet or nearly the bottom of the boring ; thus it will be seen that 
pumping by steam oxen or ooolie labour is absolutely out of the question, there 
bemg no water to pump.” 

At first sight, the general question of the artesian capabilities of the district 
does not appear so absolutely hopeless as this particular one of Vizianagrum ; for 
an examination of the Atlas Sheet No. 108, which displays most of the country, 
gives the impression that the extensive tract to the north of the Vizianagrum 
hills is more or less of a great plain largely made up of alluvial tracis belonging 
to the Chicacole river system, and to a smaller extent of the Konadab river 
drainage. Even on the ground itself, and to an experienced man well acquainted 
with the district, the appearance is as of a wide sea of alluvium, out of which the 
ridges and hill masses rise like so many islands. In reality, however, the low 
country is rather rugged and rocky, somewhat smoothed down by a thin covering 
of debris; while there are only very narrow belts of alluvium bordering the 
rivers. These flatter tracts too are not only very narrow; they are also shallow 
and crossed at intervals in the bends of the rivers by barriers of rock ; and thus, 
although they have considerable inland length and rise, any porous and water- 
holding strate occurring in them must frequently be broken in continuity. It is 
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indeed a peculiarity of the Vizagapatam low country, as compared with the 
east coast plains of the Madras Presidency to the southward, that it should be 
so singularly devoid of wide and extensive landward-tailing alluvial stretches. 


GEOLOGICAL. 

Physical features.—The district is an essentially picturesque one, and in phy- 
sical aspect it differs a good deal from nearly all the southern portion of the east 
coast. Up to this parallel, the Coromandel is distinguishable as a broad belt of 
low land or plain edging the sea, having distant hills and, in the more northern 
portion, a decided mountain barrier broken only once by the broad valley of the 
Kistna, as the western back-ground. The hilly barrier bearing the general name 
of the Eastern Ghats is, towards Vizagapatam, supplemented by a series of paral- 
lel N.E.-S.W. ridges which approach nearer and nearer to the coast; or by outly- 
ing ridges and hill groups which at last in the neighbourhood of the town itself 
assume a more eastward trend running straight at the sea by the group ending 
in the Dolphin’s Nose on the south side or by the much larger whale-back mass 
of Kailassa to the north.! The latter range is continued by its strata in yet more 
northerly lines along the coast by Bimlipatam, and finally, about the parallel of 
Konadah, turns inland again into connection with the Elephant Hill or Chota 
Himalaya group between which and the Vizagapatam hills lies the proper plain 
of Vizianagrum largely broken up by further systems of ridges, isolated hills, or 
low reefy hillocks, all running or lying in straight or curved lines having a more 
or less N.E.-S.W. direction. Northward of the Vizianagrum hills again lies the 
much more extensive and open country drained by the Chicacole river, still 
streaked however by scattered hills. At the same time, the distinctive feature 
of the western main barrier still remains, some 40 mules inland, speciallized by 
the Galikonda range with its blunt cusps rising up to heights of from 4,000 to 
over 5,000 feet; the whole forming the highest portion of the step or ghat 
leading to the wide uplands of the Jeypore and Bastar territories. 

The western hill tract is however as yet little known or appreciated either for 
its scenery or its elimate. The structure and beauty of the district are, in fact, 
best known in the neighbourhood of the three principal towns, or more specially 
on the coast where indeed it is not to be wondered af that admiration has always 
been excited. I suppose nd more cheering and, to a certain extent, somewhat Euro- 
pean prospect could bless the eyes of men wearied with the monotonous and ap- 
parently endless streak of low sandy tract with frmging palmyra palms, or pan- 
danus clumps, or the later introduced casuarina plantations, of all the eastern shore 
from Point Calamere to the Northern Circars, than that of Vizagapatam with its 
headland and the other hilly surroundings. It is here too that, for the first time, 
European residents can have their bungalows planted, as at Waltair (Ulteru), on 
a partially tree-grown rocky ridge whence they can look out over the sea, or watch 
it tumbling in at the foot of the great headland, from a vantage ground run- 
ning up to 239 feet over sea-level; or can point to such a pretty indentation as 
Lawson’s Bay and its picturesque environment of hills. In dull and stormy 

1 The name Kailassa was I believe given to this hill by Mr. E. C. G, Thomas, late M. C. S.; 


it is a part of the Sri Simbashalum temple range. 
a2 
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weather the Vizagapatam coast might be a bit of English sea-bord: at other times 
with all the glorious colouring of the evening or the morning it might vie with part 
of the Riviera ; the once Dutch town of Bimlipatam with its bright and vari-coloured 
fort and houses nestling among garden trees at the foot and up the lower slopes 
of a big flat-topped hill whose deep-red face is scored with brown purple streaks 
of rocky outcrop, even lending colour to such a passing dream of the Italian coast, 

Formations.— When the rocks of a district are so agreeably brought before the 
eye as is the case here, it is only natural that interest in and some knowledge of 
them should have been aroused and attained long ago; and as it happens more 
easily so from the fact that the formations are few and well-marked. The only 
original work however referring to the geology of the district is that of Dr. Benza, 
who in 1835 accompanied the then Governor of Madras on a tour through the 
Northern Circars, and whose diary was subsequently published in the Madras 
Journal of Literature and Science.! Extracts from this diary, and some later 
information, are also to be found in Mr. Carmichael’s admirable Manual of 
the Vizagapatam district. 

The almost universal prevalence of crystalline rocks was indeed to be inferred 
from Dr. Benza’s interesting notes and from what had been learned afterwards in 
the survey of the Godavery district® where the garnetiferous gneisses of Bezvada 
constitute nearly the whole of the hill ranges there as they are striking due 
north-eastward into the Northern Circars. It was hardly to be expected on 
the other hand that the Gondwana rocks of Ellore, &c., or the overlying cretaceo- 
eocene traps and associated fossiliferous beds, with the succeeding sandstone and 
laterite of the Rajahmundry neighbourhood, trending as they do gradually to- 
wards the sca-coast, where one at least of them ends in the low ridge of Inna- 
parazpolliam, could occur again to the northward beyond the seaward headlands 
of gneiss in Vizagapatam. Such in fact is the case, and, save these crystalline 
rocks, there are only such other deposits as are of recent or post-pliocene age, 
and even of these only very few. Dr. Benza considered indeed that the coastal 
laterite occurs as a capping to the Bimlipatam hill; but such a particular 
development is not borne out by the facts of the case, the lateritoid character 
of portions of the summits of that hill being in reality a result of change or altera- 
tion of the weathered or decomposed parts of the garnetiferous gneiss followed 
by ferruginous infiltration, or, what may be called for want of a better term, 
lateritization. Dr. Benza was no doubt misled by appearances; for the hill 
is on certain views flat-topped, as by a capping of some other rock than that of 
the body of the hill, though not with the scarped edges implied in his descriptions ; 
and then there was all the tendency to seize on such an exposure of lateritoid rock as 
being only a farther occurrence of a formation which is so strongly developed along 
the greater part of thf eastern coast. The facts of the case are that there is no 
capping on the hill, neither is it flat-topped for any breadth or length ; on the 
contrary, it is rather rugged with the outcropping edges of nearly vertical strata of 
quartzose and garnetiferous gneiss striking nearly east and west; while certain more 
easily weathered beds have on their exposed faces put on the semblance of laterite. 


1 Vol. V., 1837. 3 See Memoirs G. 8. of I. XVI., Part 3. 
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It may be that isolated occurrences of the Madras coastal laterite exist, or that 
even a very different form of deposit, shortly to be described, may be representative 
of it; but such other lateritoid rock as I did see is similar to what has been 
described, or is the result of another very common agent, namely, ferruginons 
wash by which all sorts of debris may be cemented into a more or less hard con- 
glomerate or breccia. 

Recent and Post-Plivcene Deposits. —Under this head come blown sands, newer 
alluvium, lateritic wash, surface soils or other surface accumulations of rock 
debris, and some peculiar red sands, most of which, with the exception of the 
alluvium, in so far as it bore on the particular object of my visit, came but 
slightly under my notice. The blown sands aro only very local in their accu- 
mulation occurring for the most part as a very narrow thin belt, or as occasional 
strong drifts blown inland for some distance up the valleys between the coastal 
ranges of hills, or even up the slopes of some of these ranges themselves. A 
very noticeable and big drift occurs between Vizagapatam ind Waltair, which 


Bee oe meee mae ii of dunes at the outflow of the Hanavan- 
<a stream at the northern end of the Waltair ridge, keeps gradually but 
slowly increasing in width down to Scandal Point when it suddenly spreads 
westward up the little ravine of the Club-house aula and so well up along 
the southern flank of Rock Hill, completely filling up the wide hollow between 
this and the next hill to the south at Vizagapatam and ultimately plunging 
down the western slopes to the edge of the back-water. At the same time, 
the shore line of sand heaps is continued on to the end of the rocky spit on 
which the native town and fort are built. Local opinion is divided as to where 
this great drift came from, a strong idea holding ground that it must in some 
inconceivable way have drifted from the lagoon side; there can be no doubt 
however of its having been blown inland from the sea-shore by the strong north- 
east winds, the effect of which was deadencd by the heavier rains, while a good 
deal of the sand is drifted back by the drier winds from the west and south-west. 
The seemingly overwhelming aspect of this great tumbling sheet coming in over 
the saddle between the two hills, is very striking from the low lagoon level. It 
is curious too to reflect how this apparently fortuitously stayed sand drift is 
after all perhaps the very saving of the town in one respect, namely, as regards 
much of its supply of fresh-water; for all the shore wells, of which there are 
many, and some of those on the back-water side, are dependant on the moisturo 
absorbed by it. 
Waltair Red Sands.—Considerable local interest has been long centered in 
a remarkable and puzzling bright-red sandy deposit occurring over most of the 
northern half of the Waltair rocky ridge. The deposit itsclf is an even-textured, 
rather fine-grained, tolerably well compacted or coherent but still soft, slightly 
clayey sand; or rather a thick accumulation of fine white quartz sand, having 
a very slight admixture of black iron grains, held together by a thin matry 
medium of dark-red ferruginous clay. It shows no lamination ; so that at hrse 
sight it struck me as possibly an old blown-sand compacted by ferruginous infil- 
tration, a view which was however effectually dispelled by my finding a thin skin 
of pebbly debris forming its base in the few places whcre its junction with the 
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rocky floor is seen. It has been likened, and not without reason, to the material 
of the ant-hills so common over all red sand tracts. The physical aspect of the 
deposit is also noticeable; for it spreads out from the northern flanks of the 
rugged Rock Hill as a broad high down the seaward slope of which is abruptly 
denuded and deeply scored by a set of short and steep-sided gullies giving passage 
to the many strong water-courses of the upland prior to their short run across, 
or absorption by, the shore belt of blown-sand. This high-lying red-sand tract 
is also separated entirely from the Kailassa hills to the north by the valleys of 
the Hanavantumaka stream, and the backwater drainage on the western side. 

The base and slopes for a considerable height, 100 feet or so, of the Bimlipa- 
tam hill are also plastered over as it were by a similar deposit, the inner shore for 
some distance to the south of the hill being strongly covered and marked by it. 
Other patches shew at intervals, but not so prominently, further northward 
towards the Chicacole river. 

I suppose the features which strike most people are the brilliant red colour as 
contrasted with the dark rock forming the core of the ridge and the great pale 
coloured sheet of blown-sand ; the suddenly developed and deeply cut little galies ; 
and above all the isolation from any apparent source for the deposit by denuda- 
tion of loftier ground, for by no conception could the material have been derived 
from the wearing down of Rock Hill for instance. 

It is just this isolation and prominence of display which have, I think, had 
considerable influence in distracting attention from the very common and prevalent 
occurrence of a similar deposit not only elsewhere in the district, but over the 
greater part of the eastern low-country of South India: it is only necessary to go 
some 4 miles along the road to Vizianagrum to find red sands with similar features 
of denudation very well displayed beyond the village of Nellur, a short distance off 
the road on the left-hand side; and many other tracts of a like kind may be met 
with further inland, even right up to: the base of the Galikonda range 30 
miles west of Vizianagrum. Indeed, were the Vizagapatam district lowered a 
hundred feet or so, one might picture the sea bayivg in among all the beauti- 
ful hills and ridges and lapping alongside of many a red-sand tract at their 
feet similar nearly in every .way to that of Waltair. Only, the proviso must 
be here made, that it was not necessarily lowering of the land, but rather eleva- 
tion which helped to give its isolated character to the Waltair tract. 

In other words, 1 would say that this tract and the others on the same coast 
are but remnants of the red-sand and gravelly deposits formation so prevalent all 
over the coastal plains of Southern India, particularly round the hilly regions 
in the Trichinopoly, Salem, and South Arcot Districts; or in the neighbourhood 
of the quartzite hills to the north-west of Madras itself; or in the Cuddapah and 
Kurnool districts ; or, again, over much of the Godavari district and up the Goda- 
vari river valley, and which, in so far as they have yielded numerous palolithic 
stone implements, belong presumably to the older or post-pliocene alluviums. 

Here, in Waltair, it is merely a sandy deposit, at least none of the underly- 

or associated gravels, so common in other tracts, are visible ; but there can be 
little doubt that it is of the same kind and age as the deposits indicated whether 
it waa laid down as a great sand bank partly in fresh water, or in the sea 
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which once stretched over a considerable portion of what is now tho Vizagapa- 
tam low-country. The colour is more intense certainly than I have ever soon 
among the inland tracts, but that may be due in part to contrast with the asso- 
ciated colours of sea, sky, rock, sand, and vecetation which themselves are usually 
intense. Proximity to marine atmospheric influences may also havo had some 
effect. The curious denudation is on the other hand quite a common feature in 
the inland tracts where there is nearly always a broad plain, or gently sloping and 
broad terrace across which shallow nalas pursue a devious course much like those 
on the smaller scale at Waltair; the outer edge being nearly always abruptly 
denuded mto sharp steps and little cliffs broken by the numcrons gullies and 
rifts leading off the gathered streams of the upper levels. 

The Waltair tract is however unique in its isolation, and in tho fact of the 
sands being piled up or spread out over so high a part of the ridge; the two rocky 
hills already described having no very decided elevation over it. I can only ven- 
ture to suggest that this isolation is either the result of considerable denudation 
of a great bank which formerly extended northwards across the Hanavantumaka 
stream and on to the Bimlipatam hill; or preferably that localized sand banks 
were piled or collected around the then sunken hills, in postpliocenc times. 
The subsequent elevation of land involved in this view is considerable, at least 200 
feet; but that is only in accordance with the evidence afforded at many other 
places in the Madras low country: notably by the great shingle banks far inlard 
on the right bank of the Penner river in the Nellore district, or the much 
huger and thicker ones gathered round the foot of the Nagaloparam hills north- 
west of Madras.! 

Crystalline or Archean Rocks.—During the survey of the Kistna and Godavari 
districts in former years, I had found that a presumably newer and more 
decidedly bedded form of gneiss to that usually met with in the Madras Presi- 
dency began to show in the neighbourhood of Bezvada, forming the ,roup of 
hills there narrowing the passage of the Kistna to its proper,delta. These 
Bezvada gneisses,* as I then called the subdivision embracing the many varictics 
of essentially garnetiferous and schistesc rocks, are continued all along the 
eastern faces of the hilly portions of the Godavari district into that of 
Vizagapatam in a generally north-castward direction; gradually widening out 


1 ‘While on the subject of change of land level, it may be as well to notice a prevalent idea 
that depression is now going on, or at least has taken place within the memory of man. It ia 
generally believed, for instance, that a cave at the base of the Dolphin’s Nose headland was 
once approachable by a path now covered at all tides by the sea; and the Revd. Dr. Hay of the 
Tondon Mission was snid to have actually made the journey to the cave in his younger days, 
On writing to my very esteemed friend, he replied: ‘When I came here 45 years ago, old 
men told me that when they were boys they could walk round the Dolphin’s Nose. I have no 
other evidence of the fact; but at the time I refer to, the sea was rapidly encroaching on 
the land and had reached the European lines on the south side of the battery. It was then that 
Captain, now Sir, Arthur Cotton threw down those groynes, some six or eight of them, Between them 
the sand was raised again in a very short time and now there isa good gravelled road all along 
the beach which the tide never touches. An immense accumulation of sand was also fluated sen- 
ward from the entrance towards the Custom House, exposing old wells, &c.” 

3 Memoirs Geol. Sur. of India, Vol XVI, Part 8, p. 12. 


150 Records of the Geological Survey of India. [VoL XIX. 


on either side, but always nearing the coast, until not far beyond the northern 
limit of the former district they form some picturesque hills on the sea-shore and 
henceforward become the prevalent rock of the country from the coast to well 
beyond the edge of the western hills or mountains of the Goluconda (or Golkonda), 
and Galikondsa ranges bordering on the State of Jeypore. Perhaps, under this 
greater, or rather universal predominance of such rocks in this district, the term 
Vizagapatam gneisses might be more appropriate than the one I had originally 
adopted; but, at best, the selection of terms as yet is a mere matter of con- 
venience, while garnetiferous gneiss is about as descriptive a designation as can 
be applied. At the same time, the occasion has not yet arrived, nor indeed 
have the rocks been closely enough examined or studied, for the placing them 
with any definiteness as a group or subdivision in the crystalline series; though 
it may be said that they lie in such a manner with regard to the other gneisses 
to the north and westward, and present such features of constitution and lesser 
amount of alteration or metamorphism that they may well be considered as 
one of its newer subdivisions, 

The presence of common brown or purple-brown iron garnets (mostly weather- 
ed or more or less decomposed into rusty brown masses) in greater or less abun- 
dance—rarely absent altogether—is the striking accidental characteristic of the 
many varieties of gneiss. A further characteristic is that the felspar is very often 
that variety or species called Murchisonite, a peculiar brilliantly glistening (when 
in good sized-masses) bronze red, fiesh-coloured, or even white mineral most easily 
cleaved in two directions sometimes with curved faces ; but whether in large masses 
or distributed in a coarsely c-~stalline granular way through the rock, helping 
greatly towards its reddish or purple brown colour, The different kinds of gneiss 
which may be picked up sometimes within a small area are numerous, but the 
_more prominent of these may be reduced to some three or four which it will be 
convenient to designate temporarily; while any attempt which is here made 
regarding thair relation to one another must be considered as very tentative 
indeed and liable to re-adjustment or even entire reversal in the detailed sur- 
veys to be made hereafter, 

Kailassa gneiss——The commonest and most prominently exposed form is a 
generally dark purple-coloured (weathering brown or red) massive but strongly 
foliated or rather laminated rock of white or grey quartz and reddish or pale 
coloured felspar with some mica, largely charged or scattered through with iron 
garnets of all sizes, either singly or in masses or in amorphous laminge which are 
often well sustained. The garnets are sometimes fairly crystalline in form. 
The more quartzose varieties often weather into what looks like a coarsely 
laminated ferruginous sandstone spotted and blotched with rusted garnets, or 
with strong lamin of these decomposed stones, Such gneisses mainly consti- 
fate all the larger ridges and groups of hills; such asthe great Kajilassa mas- 
sif north of Vizagapatam, or the Dolphin’s Nose range to the south, or the 
huge and lofty (nearly 2,000 feet) range of the Chota Himalaya or Elephant Hill 
to the north of Vizianagrum. 

Vieianagrum gneiss.—A second well-marked but not nearly so common or 
well-exposed form is that on which the town and cantonment of Vizianagrum 
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are built. It occurs as a broad east and west band coming in from the westward 
plains, and immediately east-of the town curves round northwards past the Phul- 
bagh reassuming a western course under the southern flanks of the Elephant hill. 
It thus underlies the Kailassa gneiss of the upper part of that hill the beds of 
which are dipping to the northward at 30° to 50°; though a narrow band of 
the next variety to be described comes in between the two. It is a generally very 
massive grey or buff-grey (weathering nearly black or dark-brown) quartzo- 
felspathic gneiss, only very slightly! foliated ; not at all unlike some of tho hard 
massive gneisses of Southern India, and presenting much the same smooth- 
haunched hills the rounded contours of which are occasionally broken by groups 
of loose disjointed subcuboidal and tabular blocks, or by occasional tor-like masses. 
Several small but conspicuous hills of this kind lieto the westward and north- 
westward of the cantonment. A tract of lower and more rugged knolled out- 
crops of a coarser and rather granitoid variety of the same rock lics to tho cast 
and north of Vizianagrum itself. The strike is, as already stated, about E.— 
W. for the cantonment and town range, the dip being high to southward or even 
vertical : and it was in such high dipping and hard rocks that the attempt at an 
artesian well was made. Occasional bands of more felspathic constitution or cvon 
seams of almost pure white murchisonite are associated with this variety of gnciss. 

Quartzose Gnetss.—It is unfortunate, as far as uniformity of nomenclature is 
concerned, that I cannot give a local name to this varicty; but this is hardly 
worth consideration where the rock is so easily recognizable by its constitution and 
by the manner in which it streaks the surface of the country with its conspicuous 
white reefs and ridges, particularly in the open country between the Kailassa and 
Elephant ranges, or again in the wide tracts to the north-west in the direction 
of the Bobbili territory. The most conspicuous outcrop is a long low mound- 
like hill a couple of miles to the north-west of Vizianagrum, The white colour of 
this variety is remarkable, and this with the manifest ridgy outcrops has of 
course lent considerable weight to the idea that the rock is really a vein 
rock, and that the presumed quartz-reefs of Vizianagrum must of necessity 
be auriferous. That the development is not one of quartz-veins, though there 
has no doubt been considerable local infiltration of silica at certain points along 
side and through the beds of quartz-rock themselves, is a fact beyond all 
question. The rock, however white coloured and amorphous it may be at places, 
is when follcwed for any distance soon found to be distinctly bedded, laminated, 
and sometimes granular even to the extent of being manifestly a highly 
altered sandstone. One only has to examine the outcrop of the upper band 
along the southern base of the Chota Himalaya, eastwards from the point where 
the ghat crosses it. Here there has been tremendous crush ; and the rock in its 
conditions of amorphousness jointing and cleavage is scarcely distinguishable 
from a vein quartz, while it is rather twisted out of strike and is nearly vertical. 
To the eastward, however, the normal northward dip is soon resumed, and the 
change to a well bedded and laminar disposition is quite plain within a range 
of half a mile, even with two or three further intervals of violent crush, 

As arule, however, the rock is more a quartz-schist than a quartzi+s, that is, it 


1 See also Dr. Benza’s account ; previons reference, p. 59. 
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is seldom finely granular or compact, more generally coarsely crystalline granular 
and somewhat open textured consisting almost entirely of ruggedly crystalline 
particles or masses of whtte or generally yellow and ferruginously stained quartz 
confusedly massed together ; but in well defined beds of all thicknesses. There is a 
certain admixtureof white or pink felspar filling up the interstices which on weather- 
ed surfaces are hollow and give the rock the rough open texture it often presents. 
Tn some of the very coarse varieties, the irregular masses of quartz are half an inch 
aevoss; and, om joimt surfaces, these show in certain lights a sort of adamantine 
lustre, rather unusual in this mineral. Some of the beds are micaceous and 
schistose, as in the outerope 5 or 6 miles N.N,W. of Bimlipatam: while there 
are also associated beds and seams of more or less felspathic constitution. 

Such are the principal and most marked varieties of the Vizagapatam 
gneisses: at least these are they which would force themselves by their oceur- 
rence in prominent outcrops on the notice of the observer m a series of rapid 
traverses like those on which this sketch is construeted. At the same time, there 
must be many other varieties hidden beneath the superficial covering of the 
plains which can only be ascertained by close werk. One of them, appearing 
perhaps more frequently than others, especially between Bobbili and Parvati- 
pur, is an extremely eoarse and sometimes ropy-looking rock consisting of 
thick (2” to 1”) but exceedingly irregular and broken twisted lamine of quartz 
(with garnets), felspar, and miea (crowded with garnets). Mica occurs with 
the other lamine too: so that generally the rock might be ealled an extremely 
coarse micaceous gneiss, The lamin are seldom steady in the direction of the 
dip, that is, they are broken by corrugations, though more so on the strike. Asa 
consequence, on cross fractures the aspect is given of m very coarse granite, 
porphyritie with big masses of quartz or felspar. Most of the milestones along 
the Parvatipur high road, beyond Bobbili, are of this stone, and look very lke 
blocks of coarse porphyry. 

Gneisses of the Galtkonda hilt traet.—An opportunity, under the guidance of 
Mr. H. G. Turner, 0.8., the Collector and Agent of the district, was afforded me 
of visiting this region and of thus making a traverse as far as the verge of the 
Jeypore territory, over s considerable thickness of gneisses which by their lie 
appear to be subjaeent to or oder than any ef the bands or subdivisions already 
described. They are, at any rate, all dipping to the east-3outh-eastward : at 
first on the skirts of the hills about Bodara and thence westwards to the first 
ascent (3,000 feet) below Raiavalsa, at high angles; and then at lower and 
lower inelmations until, in Devadimanda (over 5,000 feet) the highest station of 
the Galikonda ridge, they are lying se low as 30°. The rocks aré still garnetiferous 
but not nearly to such an extent as is the ease with those already described - 
while they are more decidedly quartzd-felspathic in their constitution and not so 
schistose thergh stil well-betided and laminated, and their colours are of cor- 
respondingly lighter shades. They nrast, forthe present, be considered as fe- 
longing: to the Vizagapatam series beisig still on the whole markedly different from 
the more massive end less foliated and elder-looking gneisses of Southern India, 
The main sidge beils, however, ran up at the low angle of dip given above, and 
give a steep and high craggy face looking out over the lower upland of Jeypore 


Part 3.] Kina: Geological Sketch of the Vizagapatam District. 153 


tothe west, thus exhibiting a break in the surface contour which may arise from 
a change in the character and even the relative age of the crystallines to the 
westward. Galikonda is the proposed hill resort of Vizianagrum, but as yet it 
has only received very slight attention in that way, partly from its distance, 
some 45 miles westward, and from want of conveniont accessibility. Tho old 
Raiavalsa track in the direction of Jeypore passes over a lofty (over 4,200 fect) 
saddle a short distance north of the highest point of the Galikonda ridge, after 
which it descends again rather rapidly to a lower upland: this is now being made 
by slow degrees fit for cart traffic. Long ago, some enterprising official built a 
bungalow and planted a garden of various fruit-trees high up on the castern 
slopes, but the garden only now remains the living and luxuriant result of that 
experiment. Ata much lower elevation, about 3,000 feet and about half-way up 
the ghat, an experimental plantation for coffee, tea, cinchona, and other products 
has been started under the local Government, with I think fair prospects of 
success, 

Orystalline Limestone Bands.—A very interesting occurrence in the gneisser 
of the hill tract is a series of apparently isolated outcrops of crystalline limestone 
which, irrespective of the industrial value they may come to possess, are picrced 
by swallow holes or caverns one of which is of considerable extent and magni- 
ficence. The southernmost outcrop within the range of our traverse is on the low 
saddle above the village of Nilgalgunta, 6 miles south-east of Devadimanda hill. 
There is a small cave here, lined with travortine but without any stalactites or 
stalagmites: other recesses are said to exist which are now blocked up. The 
limestone is of grey and dark-green or nearly black colours, the latter arising 
from a strong admixture of hornblendic minerals, generally coarsely saccharine, 
in thick beds having a high dip to E.S8.K., with an exposed aggregate thickncss 
of about 30 yards. Some 6 miles to the N.N.E., a short distance beyond the 
village of Borra, a much more important outcrop forms a low hill through which 
the village stream passes by a series of swallow holes to the Peddagunda river. 
Formerly the subterranean channel was free, but within the last few ycars it 
became choked up; and, as a consequence, a small luke or tarn has been formed 
behind the southern end or headland of the limestone hill, the flooded waters 
of which have in time cut a temporary off-flow on its western side. Half way 
over the hill, going northwards, there is an opening to a cavernous shaft 
down which one can look into dim depths and from which issues the murmur 
of running water, <A short distance further on, the path reaches the edgo of 
the northern face of the hill where it overhangs a deep ravine in which the 
village stream again comes to light about 300 fect below. The hill thus 
traversed by a series of swallow holes is made up, as far as outcrop shows, 
of about 500 feet in thickness of generally massive and pale-coloured granular 
crystalline limestone, some beds of which in their fineness of texture and pure 
colour compare favourably with Carara marble; though, as a rule, the rock is 
more coarsely crystallized and of grey or dirty white colours, weathering dark or 
nearly black. The dip is high 50° or 60°, or even more, to the castward with a 
N.N.E.—S.S.W. strike. As far as I could see, the band is lenticular, thinning 
out rather suddenly to the southward. 


154 Records of the Geological Survey of India. {voL. x1X. 


Borra Cave.—About 50 feet below the northern brow, a large but low 
entrance leads into a deep and lofty cavern having a rude dome-like roof 
opening to the sky above by the orifice already mentioned. Here, in fact, is 
a huge natural cave temple, bearing a rugged resemblance to the Pantheon 
at Rome, though, as yet, it contains only one god, Priapus,! represented by a frag- 
ment of stalactite. The roof is crossed or irregularly ribbed with thick short 
curtain-like masses of stalactitic deposit, only one or two of which, towards the 
sides of the cavern, are connected with the thickly grouped and large mammilated 
mounds of stalagmite forming the floor. The latter slopes rapidly down on the 
eastern side to a narrow cleft or rift along which the waters from the stream 
above pursue their still hidden course; this rift being generally in a plane of 
bedding. I'urther cavernous recesses are seen to occur upwards towards the 
dammed-up tarn, while on the other side, the existence of yet lower caverns is 
evidenced by gleams of light pouring in from the deep ravine in front to the depths 
of the side rift. We were only able to note the features of this great cave ina 
very rapid way. The single stalactite (6 feet long, and 4 to 8 inches in diameter) 
has been appropriated for the devotional service noted above, the cave being the 
resort at certain seasons of many pilgrims. There is one other pillar in the shape 
of a small stalagmite, 3 feet high and 8 inches in diameter, which is slowly 
rising from the floor by deposition from the drops falling at long intervals from 
the roof. The interior of the cavern is coated over with travertine, a dull cream- 
white compact semi-crystalline rock, the surface sparkling a little owing to 
minute sparry facets. The stalactitic festoons are beautifully fluted and wrinkled, 
while the huge fungoid and coralloid mounds of stalagmite are wrinkled in little 
waves of terracing, the mounds themselves being made up of successive shells 
with irregular cavities between. 

A good deal of rubbish, the sweepings from the numerous pilgrim gatherings, 
lies collected among the stalagmitic mounds forming an uneven earth floor, but 
with no thickness; and this appears to be the only material in which any remains 
could occur otherwise than in the substance of the mounds themselves. 

On a subsequent visit, as I am informed by him, Mr, Turner ascertained, 
notwithstanding that we were told to the contrary by the villagers, that this 
band of limestones is continued to the northward, and that it even bars the 
passage of the Peddagunda river itself by a wall some 20 or 30 yards wide which 
is pierced by @ cavernous channel having two appertures on the up-side, each 
40 feet high, one above the other, but not in astraight line. Further in, the 
hollow is only about 3 or 4 feet above the level of the water ; and through it, Mr. 
Turner could by creeping in as far as possible and bending down just see the light 
coming in at the orifice on the down side. There is no particular show of tra- 
vertine in this swallow hole. 

# From all Mr. Turner could gather by enquiry,—and curiously enough the 
villagers appear very reserved on the subject—there appear to be other caves or 
outcrops of limestone both in this neighbourhood of Borra, and yet further east- 
ward at the foot of the hills. This Borra band and that reported to the eastward 

1 Presumably so at least, for the pillar of travertine is to all appearance a sort of ‘ lingum,’ and 
there was no authoritative priest or devotee at hand to settle the question. 
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would be, if continued northwards in the line of strike held by the gneisses, 
somewhat in the direction of other reported outcrops of calcareous rocks in the 
Salur Zemindari: and it is not improbable that the ultimate tracing out of 
them, as well as of a yet further outcrop (to be noticed immediately) to the north 
of Vizianagrum, may bring the Galikonda gneisses into a closer relation with tho 
Kailassa band than my traverse of them has led me to suppose is the case: 
Economic Minerals, (Graphite, Manganese ore, and Kaolin),—It has been long 
known that graphite occurs in this district and indeed at intervals also to the south- 
ward in this same zone or belt of garnctiferous gneisses, as far as Bezvada on the 
Kistna. I was unfortunate, however, in not being able to visit any locality where 
it occurs. By all accounts, it is not known to occur in any quantity or richness ; 
the most favoured locality for production appearing to be in the neighbourhood of 
Salur, the chief village of a large zemindari at the foot of the western hills. 

I was more lucky however, in ascertaining the occurrence of manganese ore 
which has hitherto, I believe, only been reported as occurring here and there among 
the lateritoid forms of decomposed gneiss and then only sparingly, more especially 
so, it is said, on the Bimlipatam hill,t About 6 miles to the northward of 
Vizianagrum on the road to Palkonda, after passing through the gap in the 
Chota Himalaya range and a short distance beyond the ford of the Konada river, 
there is a band of dark weathering somewhat siliceous crystalline limestones 
cropping out along the base and somewhat up the slope of the hill on the cast side 
of the road, associated with which are two obscure exhibitions of manganese ore. 
The most obvious of these last is in a portion of the talus of debris (mostly of 
gneiss fragments) at the foot of the slope, where for several square yards the 
black and slaggy-looking material gives the idea of the place having been the site 
of an old iron-smelting community. A good quantity of this psilumelane, as it 
really is, has been dug out for road material ; in fact, the road is metalled for some 
distance with this ore of manganese. I was unable to satisfy myself that any 
of the ore is in situ; the pits have exposed a covered portion of the limestones 
alone, and the large blocks and smaller masses of ore all appeared to me to be 
debris which had rolled down from above like the gneiss debris on either side. 
Somewhat higher up the slope but to the right, following the limestone outcrop, 
a portion of the latter rock is crusted over by a thin and irregular coating of black, 
black and pink, speckled and blotchy travertine largely charged with earthy 
manganese ore or ‘wad’ which may have been caught up by the calcareous 
waters in their sub-terranean passage, through or over the manganese lode. 

The crystalline limestone itself is very hard and finely saccharoid, and crowded 
with small crystals of green coccolite ; in thick beds dipping at 45° or so to east- 
ward, with the lamination well displayed on weathered surfaces. 


Specimens of the ore were submited to my colleague Mr. F. R. Mallet, who 
reports :— 


No. 1. Non-nodular ore from road-metal quarry. Psilomelane. Contains 
67°7 per cent. of available peroxide. 


7 It is quite possible that closer search may disclose a limestone band in this hill, or at any 


rate a band of manganese ore whence the ore (probably pyrolusite) in the lateritoid rock may have 
been derived, 
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No. 2. Nodular ore from same locality. Psilomelane, in part at least con- 
tains 53°5 per cent. available peroxide. 

No. 4. Earthy ore from slope of hill above. Contains 16°7 per cent. avail- 
able peroxide, also some lime, &c. 

The latter specimen, taken from the travertine encrustation described above, 
is of very inferior quality : but No. 1 is remarkably good, coming up as it does 
to the average of the ore of commerce, which ranges at from 60 to 70 per cent. of 
available peroxide. 

Traces of a similar development of crystalline limestone and associated man- 
ganese ore occur near Ramachandrapuram in the Salur zamindari; the high 
road, when it bifurcates to Bobbili on the one side and Salur on the other, being 
also metalled for some distance with debris of the ore. 

Another industrial resource of possibly greater future value than either of the 
above is a more or less decomposed white felspar (? murchisonite) occurring in 
thin seams in the Vizianagrum band of gneisses which gives promise of a Kaolin 
of superior quality. It has been found here and there in the neighbourhood of 
the town in the digging of wells, and was, I believe, first brought to notice by 
Dr. Thos. Quinn, the State Surgeon, who also supplied me with specimens. Like 
many other so-called kaolins and pottery clays found in other parts of the Presi- 
dency, this local product has undergone a certain amount of trial at the Madras 
School of Art and even received rather favourable commendation from Mr. R. F. 
Chisholm, the then officiating Superintendent of that institution. A further con- 
signment was asked for and sent down to Madras which appears to have given 
better results ; while a specimen of porcelain is said to have been prepared from it 
for the Maharajah’s acceptance. Nothing further is however known of this con- 
signment, and the development of the clay has fallen into abeyance. 

Mr. Mallet was good enough to examine the specimens given me by Dr. 
Quinn, with the following result :—‘‘Decomposed felspathic rock from Vizianagrum. 
When reduced to powder and mixed with water was only very slightly plastic. 
The mass was made into small bricks with sharp square edges, which, after drying, 
were heated in an injector gas-furnace. At a yellowish white heat the bricks 
began to bend, and at a full white heat were reduced to & semi-fused condition, 
the colour after cooling being pure white. The material is not a China clay, but 
resembles Cornish stone (a partially decomposed granite) which is largely used as 
an ingredient of the finer kinds of pottery. The absence of colouring matter in 
the Vizianagrum stone renders it suitable for use in a similar way.” 

These specimens were really only very partially decomposed, much of the 
felspar being crystalline and having tho beautiful sheen or pearly lustre charactar- 
istic of murchisonste ; but I believe much more perfectly weathered or decomposed 
and clayey forms are procurable which may give better results. The doubt in 
my mind is as to the quantity available, for I did not see any indications of 
thick bands of such & rock, 
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Preliminary note on the Geology of Northern Jesalmer (with a map), dy R. D. 
OLpHam, A.R.§.M., Officiating Superintendent, Geological Survey of India. 


The country lying between the Arvalis and the Indus may be classed as one of 
our ferre incognite ; even on the latest maps it is comprehensively styled a desert 
and the great objection which map-makers have to a blank space has been got 
over by scattering sandhills indiscriminately over the whole area. Sandhills are 
abundant and widespread, but there are also large tracts of country from which 
they are absent and which could even by comparison be called fertile, at least 
in those years When there is an average rainfall. 

Broadly speaking this region may be said to be divided into three principal 
tracts: there is, firstly, the alluvial plain at the foot of the Arvalis dotted with 
rugged rocky island hills rising abruptly some hundreds of feet from the plain. 
Then comes a tract of undulating country in which there are large exposures of 
rock which rarely rise much above the general level of the surface, and to the 
west of this there is the rocky oasis of Jcsalmer, marked by prominent scarps 
alternating with broad gently sloping plains. Gcologically too tho region may be 
divided into three tracts. There is first a tract whcro, excluding alluvium, the 
rocks are all the highly disturbed ancient beds of the Arvalis ; then there comes a 
tract of the flat-bedded Vindhyan sandstones and limestones, and west of this thero 
are the neozoic (secondary and tertiary) beds in Jesalmer. The geological and geo- 
graphical divisions are nearly co-extensive and conterminous, but there aro just 
sufficient exceptions to show that the features of the country are in part at Icast 
due to other than structural causes. Some of the prominent hills in the castern 
tract are composed of the flat-bedded Vindhyan sandstones, and the western 
boundary of the undulating rocky plain overpasses the eastern boundary of the 
neozoic rocks. These divisions are very distinct about the latitude of Jesalmer, 
but to the north in Bikanir, where the rocky sink under alluvium and sandhills, 
they naturally disappear. 

Any general account of this region would be incomplete without some refer- 
ence to the sandhills which are found in all the sub-divisions and are particularly 
prominent and well developed in the desert-tract between Nagoro and Phalodi. 
There are many problems of interest and difficulty in connection with these sand- 
hills, not the least of which is their apparently capricious distribution and the 
apparently equally capricious exemption of large tracts from their presence. 

Of the three geological sub-divisions the eastern one, that of the Arvali rocks, 
has already been described ;! the Vindhyan area represcnts little of interest ; and 
of the neozoic area a portion has already been referred to. There remains the 
northern portion of the rocky oasis of Jesalmer which presents many features of 
interest and of which I propose to give a brief description. 

The observations on which this paper is based wore made during the loop 
cast, northwards from Jesalmer, mentioned above. Under such circumstances 
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detailed observation is as impossible as it would have been at variance with the 
object of my visit, and I shall in consequence confine myself very much to what 
may be regarded as more or less certain; some of the doubtful points it will be 
necessary to allude to, but most of them I shall pass over in silence, 

The physical geography of this tract is characteristic and striking, being 
marked by numerous parallel scarps separated by broad grassy plains ; in the north 
near the village of Parihar, there is a remarkable group of flat-topped hills which 
rise about 150 feet from the plain. These are the only isolated hills I know of in 
this region, and as they rise from an elevated plain they form a most conspicuous 
landmark visible even from the fort of Jesalmer. Two other peculiarities may 
be mentioned, one is the number of stream beds met with, one of which—the 
Karkana—has a course of about 45 miles, and is then lost in a salt plain which 
during the rains becomes a shallow lake; the other is the absence of sandhills, 
but few, and those small, are to be found at all. 

East and south-east of Jesalmer, underlying the limestone, there is a group of 
sandstones characterised by the occurrence of silicified wood. These have been 
described by Dr. Blanford, but no special name given to them. I would suggest 
the “ Lathi group,” Lathi being a large village or town on the road from Pokran 
to Jesalmer, where the silicified wood is very abundantly developed. * 

From Jesalmer the route lay over the elevated rocky plateau of the Jesalmer 
limestones, and then descended into the valley of the Karkana; to the west of 
Lodowa is a broad alluvial plain with occasional outcrops of the limestones and 
sandstones of the Jesalmer group; this plain is bounded on the north-north-west 
by a very prominent scarp of the Bedesir group, rising to a height of over 
100 feet ; it is composed of pale purplish and reddish sandstone with which are some 
bands of hard calcareous sandstone, dark red ferruginous rock, and numerous 
thin bands of a hard black ferruginous sandstone that breaks with a glassy 
conchoidal fracture and rings under the hammer. In the sections I have seen, 
this rock occurs as thin bands, seldom more than £ inch in thickness, as partings 
in the softer non-ferruginous sandstone, and never forming more than ,), of the 
whole thickness of the beds; but as the rock is practically indestructible its frag. 
ments, wherever it occurs, thickly strew the ground and give the country a desolate 
aspect not unlike that of a cinder heap or a recent lava flow on which vegetation 
has not had time to establish itself. The occurrence of these beds enables the 
group to withstand the effects of weather in a manner that makes its boundary 
with the Jesalmer group always take the form of a prominent scarp, 

At one place, about 3 miles west-north-west of Lodowa, I was fortunate enough 
to find some fossils; they occur in a dark-red ferruginous matrix and consist of 
one or two species of Ammonites and Belemnites and a few Terebratule and some 
small free corals. It is impossible to say, without more detailed examination than 
is at present practicable, whether any of these are identical with Kachh species 
or no, but they do resemble some of the Katrol species, and curiously enough 
there is also a remarkable similarity in the matrix. 

The boundary between the Bedesir group aud the next above it is difficult to 
draw, as it is not smarked by a scarp, and I have been compelled to take the 
limit of the black ferruginous sandstone as the limit of the two. This group I 
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have called the Parihar group as a provisional name, but in lithological charactcra 
it closely resembles the Umia group of Kachh, and seving that the Bedesir group 
contains fossils resembling those of the Katrol group, and that the Jesalmor 
limestones are the equivalents of the Chari group, it seems probable that wo might 
apply the Kachh names to the rock groups of Jesalmer, yet in the absenee of more 
detailed examination such a course would hardly be justifiable. 

The Parihar group consists principally of soft white felspathic sandstones, 
occasionally calcareous or slightly ferruginous. They decompose so easily that 
the country they occupy consists for the most part of level or nearly level sandy 
plains covered with a sugary sand, the sugary look being due to the angular 
shape and transparency of most of the quartz grains, Besides the soft sandstones 
there are some beds of a hard glassy rock, which breaks with a conchoidal fracture 
and should perhaps be called a quartzite; similar beds are known to occur in 
Kachh. In Jesalmer they always form hills, the most conspieuous of these being 
the Parihar hills, already referred to, which are capped by beds of the hard 
glassy sandstone, all the rest of the hill being formed of soft sandstone of the 
usual type of the Parihar group. 

To the south of the Parihar hills is a group of hillocks, about 50 fect high, 
composed of this same rock. The southernmost of these appears to belong to the 
Bedesir group of rocks, and owing to its induration and peculiar structure which 
gives it the appearance in one place of being composed of vertical beds, it seemed 
when first seen to be an inlier of the Arvali quartzites, an opinion which examin- 
ation soon showed to be untenable. 

At the Parihar hills the glassy sandstone may be seen in places distinctly overly- 
ing the nummulitics, but as I never saw any similar bed interbedded with tho 
nummulitics, this would seem to be due to slippage of the hard bed from a higher 
to a lower level over the surface of the softer and more easily weathered nummu- 
litic sandstones. 

Above the Parihar sandstones there comes another group of sandstones, shales, 
and fossiliferous limestones, the latter weathering a dark-red colour. In thin 
group there is a very conspicuous fossiliferous hand, the fossils being all, except 
the oysters, converted into a yellow substance, which shows out conspicuously 
against the red matrix. This is Mr. Blanford’s Ammonite bed of Kuchri,' but ag 
this village is not on the group at all, and as the rock is known throughout the 
country by the name of ‘“ Abur stone,” it would be better to use the name of that 
village for the group. The stone has a sort of semi-sacred character, blocks of it 
being quarried to place in the thresholds of the temples. 

The next rocks overlying the Abur group are of nummulitic age; whero 
crossed by Dr. Blanford in 1876, they form a conspicuous scarp, which extends 
as far north as the Parihar hills; here it becomes much less conspicuous and 
bends round to the eastward. The thinning ont of the nummulitics is vory 
marked, for the scarp at Abur is full 100 feet high, while at Khewalsir there 
are not more than 50 feet of beds exposed, and the lowest of these is higher in 
the series than any bed in the Abur svarp. 

On top of the nummulitics there comes a band of a ferruginous rock, very like 


1 Rec. Geol. Surv. Ind., X, 16 and 20. 


160 Kecords of the Geological Survey of India. [VoL. XIX. 


laterite ; whether this belongs to the series or no I cannot say. I have never seen 
it overlaid by any beds of nummulitic age, but, on the other hand, from Ram- 
gurh to Khewalsir the beds immediately underlying it appear to be identical} 
this would point to a conformity. Nothing resembling it was seen in the small 
outher of nummulitics at Kotri near Koilath in Bikanir. 

In the Bikanir outlier, and again at the village of Mandar, about 5 miles 
north of Khewalsir in Jesalmer, there occurs a very fine-grained unctuous clay or 
fuller’s earth which is largely exported ; it is the “ Multéni mitti” of up.country 
bazaars. 

To the north of the village of Mandar, just mentioned, the nummulitics sink 
below an alluvial plain, and about 8 miles further north the sandhills are said 
to begin. 

On the road to Jesalmer, at Sawal village and again at Amir, there are large 
patches of pebbles derived from a conglomerate whose mode of occurrence is so 
deceptive that at first sight it appears to be interbedded with the sandstones of 
the Lathi group, but a careful examination showed me that they are of much 
later date and quite unconformable. The pebbles are all of local origin, being 
for the most part, rounded quartz pebbles derived from the sandstones of the 
Lathi group mixed with some less perfectly rounded pieces of ferruginous sand- 
stone, silicified wood and a few of the characteristic yellow Jesalmer limestone. 
There is no direct evidence of the age or mode of origin of these shingle beds, but 
I would take them to be sub-recent and very possibly marine littoral deposits. 
It may be remarked that they occur on the boundary between the second and 
third of the geographical tracts into which I have divided the desert, and it is by 
no means impossible that the sea may have extended over the country east of 
Saggar and Sawal, while Northern Jesalmer was dry land. The only evidence I 
know of against this is the existence of a low scarp of Vindhyan sandstones at 
Pokran; but as this appears to lie along a line of fault it may be due to a 
differential movement at the surface and of quite recent origin. 

There is yet another rock which must be mentioned. Near the summit of tho 
Parihar hills, and again on the flanks of the Abur hills there occurs a peculiar 
compact generally pinkish limestone, or more properly limestone conglomerate, 
marked with concentric colour markings which surround the fragments of lime- 
stone of which it is composed ; some of these fragments may occasionally be seen 
to consist at the centre of the yellow nummulitic limestone, while the outer part 
has become converted into a structureless and much older-looking rock. This is 
by no means the only locality where this rock occurs. Throughout my tour I 
was constantly meeting with a similar rock which usually contained large frag- 
ments of quartzite, in some localities angular, in others rounded. It is one of the 
puzzles of the region, for while its lithological character would lead one to con- 
sider it to be very old—at least as old as the Vindhyans—it appears to rest impar- 
tially on everything from the Vindhyan sandstones to the alluvium. Without 
more detailed examination it is impossible to say what it is, nor even whether 
in spite of the general resemblance of different exposures, it may not be of very 


different ages. 
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Notes on the microscopic structure of sume specimens of the Malani rocks of the 
Arvali region, by Cotoxet C. A. McManon, F.G.S. 


When reading Dr. Blanford’s interesting account of the Malani porphyritic 
felsites,! I was struck at once with an apparent resemblance between thom and 
some felsites observed by me at Tushim.* On mentioning this to Mr. Medlicott, 
Director of the Geological Survey of India, he was good enongh to send me 
some samples of the Malani rocks collected by Dr. Blanford, Pressure of other 
work prevented my studying these specimens in detail at the time, but ] have 
now done so, and offer the following remarks on the result, 

I shall briefly describe the petrological character of the sample specimens in 
the first instance, and then conclude with a few comments thereon. The numbers 
quoted are those of the Geological Survoy. 

No. 41-62.—A dark grey, compact, almost flinty-looking feclsite with 
extremely minute blebs of quartz dotted over it. Sp. G. 2°62. From a bed 30 
miles west of Balmir. 

No. 53-62.—A very light coloured, greenish-grey felsite dotted over with 
very numerous, but small, and very irregularly shaped porphyritic crystals of 
felspar, The matrix has a highly porcclanons appearance. Some extremely 
minute blebs of quartz may alyo be scen. Sp, G. 2°53. From near Pokran, 
90 miles W.N.W, of Jodhpur. 

M.—These specimens, though ‘fery different in macroscopic aspect are so 
similar under the microscope thaf’1 .ey may be described together. 

The ground mass, in both reflected and transmitted light, exhibits a very 
beautiful and decided fluxion structure, Between crossed nicols the base breaks 
up into micro-felsitic matter 1n which countless multitudes of minute specks of 
quartz shine like stars in the milky-way. These minute specks run togetlicr, 
here and there, forming nebulous clusters void of sharp or regular outlines. 

Under high powers the base of No. 41 is found to be filled with countless 
opaque microliths, for the most part in shapeless dots, and flocculent greenish 
matter. The forma is probably magnetite dust and the latter imperfectly erys- 
tallized amplibole. The latter is absent in the case of No. 53, These embryo 
microliths often cluster together and form wavy strings running with the lines 
of fluxion, These latter are due, apparently, to the imperfect admixture of 
felsitic and silicious material in the base. The lines of magnetite dust ure 
deflected by the porphyritic crystals and cluster round their edges. 

The base contains porphyritic crystals of orthoclase and free qnartz. Tho 
felspar is very opaque. Some of the crystals present regular crystallographic 
forms; others are apparently in a fragmentary condition, whilst most of them are 
twinned. 

Some of the quartz exhibits the remains of crystallographic shape, but, as is 
usual in this class of rock, it gives evidence of having suffered corrosion anil 
partial remelting, being in more or less rounded blebs, 
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* Records Geol. Sur. Ind., XVII., 108. 


162 fieco: ds of the Geological Survey of India. [VoL, XIX. 


No, 41 contains some sphene and magnetite, or ilmenite, the latter being 
much corroded. No. 53 contains a little hematite. The opacity and pinkish 
colouring of the felspars appears to be due to the dissemination of oxide of iron 
through their substance. In No. 53, the porphyritic crystals of felspar are much 
larger than the granules of free quartz. In No. 41, one of the grains of quartz 
contains a few liquid cavities with moving bubbles. 

No. 45-62,—A felspar porphyry of reddish colour, from Balmir. Sp, G. 2°64, 

M.—This rock under the microscope has, in some respects, the aspect of a 
trachyte. Microliths of felspar are numerous in the ground mass which also 
contains crystals of apatite and the altered remains of what appears to have been 
hornblende. Much of the iron present has been altered to a reddish oxide. 

The slice contains no free quartz, but porphyritic crystals of orthoclase and 
plagioclase, corroded and eaten into by the solvent action of the base, are 
numerous. Zonal structure is apparent and the triclinic felspar appears to be 
oligoclase. 

No. 46-62.—An amygdaloidal-looking rock with a purple-grey matrix. Veins 
of epidote are to be made out in it here and there. Sp. G, 2°68. From Balmir. 

M.—Judging from the structural characters brought to light by the mieros- 
cope, this rock approaches the basaltic type. It is not a true basalt, for it con- 
tains neither olivine nor augite ; but its structure is that of a basic lava, for it 
consists of multitudes of micro-prisms and 1 “croliths of felspar disseminated 
through a devitrified glassy base. The latter i. quite opaque when examined with 
ordinary powers, but, with the aid of high px h. “Ts, it is seen to be composed of 
very minute translucent and opaque grains°which are probably inchoate augite 
and magnetite. 

The whole of the felspar appears to belong to the triclinic system. It is much 
decomposed and altered. The rock contains irregularly shaped spaces stopped 
with prehnite, epidote, calcite, and some opalescent quartz, 

This rock very much resembles some of the basaltic lavas collected by me near 
Clermont Ferrand in the Puy de Déme district of Auvergne, the habitat of the 
species of trachyte called domite. Some of the basaltic lavas from this locality 
contain much olivine and augite; others again, judging from the thin slices of 
them which I have examined, like the Balmir specimen, contain no traces of these 
minerals. 

The Auvergne rock abounds in vesicular cavities of very irregular shapes and 
has a micro-granular base starred with microliths and micro-prisms of triclinic 
felspar like the Malani specimen. The latter rock was, I apprehend, likewise a 
highly vesicular lava when it flowed from its ancient crater; but tlic vesicles have 
long since been stopped with secondary products of decay through the agency of 
infiltrated water. A comparison of the recent lavas of the Puy de Dome with 
this very ancient Malani lava affords another illustration of the truth, now gene- 
rally admitted by English geologists, that the petrological characters of volcanic 
products afford no test of geological age. 

In connection with this rock it is interesting to note that Dr. Blanford met 
with ‘a considerable outburst of basalt’ between Lowo and Pokran, though, as 
he met with none of this basic rock associated with the Malani beds in the 
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Pokran-Balmir area, he did not consider the relation of the basalt to the Malani 
felsites at all clear. As the microscopical examination of one of the five Balmir 
Specimens sent to me for examination, displays basaltic affinities, it seems not im- 
probable that a detailed survey of the Malani rocks, at some future day, may 
show that as in Auvergne, so also in the Malani area, acid lavas graduato into 
those of basic type. 

No. 38-62.—A syenite granite in which hornblendo takes tho place of mica. 
Sp. G, 2°54. From Jessai hill west of Balmir. 

Viewed macroscopically, this is a pinkish-white, fine-grained rock, abundantly 
sprinkled with very minute prisms of hornblende. 

M.—Under the microscope the quartz and felspar are seen to be in about 
equal proportions. The felspar is much clonded, and its pink colour appoars to 
be due to the dissemination of a brownish-red oxide of iron. 

In the quartz, gas inclusions and liquid cavities with moving bubbles are 
extremely numerous and vary much in size. Some are very minute; others 
again are visible with a magnifying powcr of one hundred diameters. I have never 
seen a rock in which liquid cavities were more abundant. 

Blade-like microliths of hornblende, blue in transmitted light, are rather 
plentiful in the rock and are to be found in both the felspar and the quartz, The 
larger prisms of amphibole vary, in transmitted light, from a vandyke-brown to 
a clear blue, in a way that is highly suggestive of tourmaline, but its optical 
properties are not those of the Jatter mineral. The blue hornblende is probably 
glancophane or an allied varicty. Much of the hornblende is very opaque even 
in very thin slices. Sections of rather irregular six-sided prisms are visible, but 
the cross cleavage is obscure and all the prisms scem to be made up of bundles of 
microliths which give it, here and there, frayed ends and a somewhat fibrous 
structure. It is powerfully dichroic, but it does not polarize in brilliant colours. 
In reflected light the hornblende is black, or blue-black, and its hardness is such 
as to prevent the possibility of its being mistaken for biotite. 

The microscope shows that this rock is of plutonic origin ; that is to say, it 
must have consolidated at some distance from the surface. In structure it is 
quite granitic. 


wh General Remarks. 


I have alrcady mentioned at the commencement of this paper that I was 
struck, on reading Dr. Blanford’s account of the Malani beds at Balmir and 
Pokran, with points of resemblance between them and the felsites at Tush4m on 
the northern borders of Bikanir. This impression has been confirmed by the 
comparison of specimens from both localities. 

There is nothing in their geographical position to render the correlation of 
the Malani and Tushaém beds improbable, but rather the contrary, for it will be 
observed on a reference to the geological map that accompanies the Manual of the 
Geology of India, that Tushim and the Malani outcrops are both to the west of 
the Arvali series and at nearly the same distance from it. The strike of the 
Arvéli series is north-easterly. A prolongation of the Balmir-Balotra outcrop of 
the Malani beds in a north-easterly direction takes us to the Jodhpur-Pokran 
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outcrop of these beds; and a further prolongation in a north-easterly direction 
would take us to Tusham. Whether or not the Malani beds show between Jodh- 
pur and Tusha4m cannot be said, as this line has not, as yet, been explored. 

The geographical position of Tushdm, therefore, taken in connection with the 
north-easterly trend (N.E,-by-N.) of the Arv4li range, and the north-easterly 
outcrop of the Arva4li series, rather favours, than otherwise, the supposition that 
the Malani and Tushdm beds belong to the same series. 

The strike of the Tusham rocks varies from N. 11° HE. to N.N.E., whilst 
that of the Balmir beds! is N.W. At Balmir, the dip is only 20° to 25°; whilst 
at Tushdm it is vertical. I do not think, however, these facts are fatal to the 
hypothesis of correlation, for they might indicate, not that the Malani beds are 
unconformable to those of Tushém and are of differcnt geological age ; but that 
the beds at Tushim were more disturbed than those from 250 to 350 miles 
further south. 

The points of resemblance between the Tushdm felsites and those of the Mal- 
ani series are not inconsiderable. It is true that most of the Malani beds are por- 
phyritic, orat any rate the presence of porphyritic crystals of felspar is very 
characteristic of them as a whole; whilst, on the other hand, if we except the 
quartz-porphyry which is intrusive in the others, the Tush4m rocks are not 
porphyritic to the naked eye ; but as there is no great thickness of the felsites 
exposed at Tushém, this objection is not a fatal “ne, for it is open to us to sup- 
pose, either that the felsites are meagrely represented at Tushdm, or that they 
lost in this locality one of the characteristics impressed on them further south. 
However this may be, it seems worthy of note that out of five specimens of the 
Malani series sent to me, one, namely, No. 41—62 (see ante), is macroscopically 
almost indistinguishable from No. 22 of my Arvali paper.” They differ only in 
slight shades of colonr—a perfectly immaterial point. They are both dark grey, 
flinty-looking, compact, felsites with minute blebs of quartz dotted over them and 
visible to the naked eye. In specific gravity, also, there is no material difference 
between them, the Tush4m rock being 2°63, and the Malani specimen 2°62. 

Under the microscope, the resemblance between the two rocks is also consi- 
derable. The base in both is similar, and contains flocculent green material and 
porphyritic crystals of quartz and felspar. No liquid cavities were detected in 
the quartz of the Tusha4m specimen, but one of the quartz crystals of Malani, No. 
41-——62, contains a few. 

Felsites appear to occur associated in intimate connection with plutonic rocks 
and also as true lava flows.' There is no doubt about the character of the Mal- 
ani rocks, for beds of “ unmistakable volcanic ash ” were found associated with 
them ;* but the question arises whether the felsite beds of Tushém are also vol- 
canic. They occur on the west side of the hill of Tushim and they appear to 
be conformable in the direction of their strike to the sedimentary beds on the east 
side of the hill. Both the Malani felsites described in the preceding pages and 
those of Tushém exhibit fluxion structure (see my description of the Tushém 
felsites, Records XVI, pp. 1O8—110, Nos. 16, 18, and 22), and this structure i 
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characteristic of lavas, and affords, in a rock of this class, a primé-facie indica- 
tion that the rock displaying it flowed forth from the carth’s ernst as a lava. 

The syenite-granite of Balmir (No. 38—62) has a much more plutonic aspect. 
This rock is probably alluded to at page 17, Vol. & of the Records G.8., and the 
rock there described is said to occur “ intercalated in Jarge masses” [the italies 
are mine| “ with the porphyritic felsites.” At Tushim and in its neighbour- 
hood granitoid rocks also occur which are not true granites, but are granite por- 
phyries. The association of granitvid rocks in both localities, namely, with the 
Tushém as well as with the Malani felsites, is noticeable, and forms one of the 
connecting links between the two. In both cases, possibly, the granitoid rocks 
may be directly connected with the lava flows and represent the roots, or deep 
seated portions, of these ancient volcanoes. 

Without asserting positively the correlation of the Tushim felsites and the 
Malani beds, I think it worth while to suggest that future observations in the 
field may possibly establish the connection between them. 

Dr. Blanford remarked that “ the Malani rocks must be very ancient, but ne 
idea can be formed of their geological position, as they are no where assoviated 
with rocks of known age except when underlying beds of comparatively recent 
date.” This remark applies also to the Tushém rocks. They occur in an isolated 
hill piercing the sandy soil, the granite-porphyry also appearing as isolated hills, 
the whole group being many miles distant from beds of known Arvali age. A 
connecting link between the Malani and Tushaém rocks may hereafter be obtaincd 
when the age of the sedimentary beds on the cast flank of Tush4m is ascertained. 
I have scen nothing similar to these beds in the limited area of the Arvali rocks 
which I have had an opportunity of studying in the field. 


Memorandum on the Malanjkhandi copper ore, in the Balaghat District, Central 
Provinces, by Wittiam Kina, B.A., D.Sc., Superintendent, Geologicul Surucy 
of India. 


Malanjkhandi appears to be the name of the low hill ridge, in tho southern 
part of the middle saddle of which 3 or 4 quarries and a pit (about 30 feet deep, 
with two shafts close together and in communication near the bottom) have been 
excavated for ore. The quarries are now filled in with debris of the excavated 
rock in which faint traces of green carbonate of copper are recognizable. The 
pit is clean to the bottom where there is a jittle debris. These old diggings were 
brought to our notice in 1882 by Colonel Bloomfield, Deputy Commissioner of 
Balaghat. 

I could not find any indications of a lode in the pit, only faint and rare traces 
of green carbonate as small strings and coatings in or on the rocky sides. A 
lode may have been worked out in these excavations: for it is hard to conceive 
how such deep working could have been pursued in the intractable rock without the 
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incentive of thicker strings, or a lode ; except on the view of forced labour under 
a tyrannical demand for copper ore at any cost, (I have formed a strong notion 
that the old and very extensive workings for lead in Kurnool and for gold in 
Wainad were to some extent the result of such demands.) 

The quarries are tolerably large excavations; and they and the pit were 
worked along and down what might be considered the strike and dip of the rock. 
Other parts of the ridge, towards its northern end, have also been quarried though 
not to any extent, 

I could not see any other ore than that of the green carbonate. 

The vein stuff or matrix is part and parcel of the rocks composing the entire 
ridge; namely, a varying form of granular crystalline, or compact massive, 
generally white, though often brown or red-tinged from ferruginous staining, 
quartz-rock, having an indistinct bed-like arrangement (striking N.N.E.— 
S.8.W., and vertical or with a high westerly dip where the excavations have 
been made). The ridge indeed goes with this apparent bed-strike which however 
trends round nearly N.W.—S.E, at its northern end, and it is as far as I 
could see, completely isolated by covering superficial deposit from the massive 
granitoid and hornblendic (? greenstones) crystallines of the adjacent low country, 

The country around, particularly to eastward, 14 seamed with less marked out- 
crops of like quartz-rock, some of which are ho. ;ver associated with clay-slate 
and altered sandstones. 

There is no reliable history of the workings or the period of their desertion. 


ADDITIONS TO THE MUSEUM. 
From Ist Aprit To 30TH June 1886. 


Some impure graphite from Bettah village, Palamow. 
PRESENTED BY Mr. F. B. Manson. 
Fossil Wood (P) (mainly carbonate of iron, carbonate of lime, and carbonaceous matter), from 


the Sanctoria mine, Réniganj coal-field. PRESENTED BY Mrz. I. J. Wuirry. 
Galena, from Misroul, Tendwa, Hazaribagh. PRESENTED BY Mr. W. CaMPBELL. 
Beauxite (P), occurs “in veins underneath the coal strata,” from Chitteedand, Salt Range, 
Punjab. PRESENTED BY Dr. H. Waktu. 


Specimens of plagionite with quartz, from Wolfsberg, Harz; plasma mixed with ‘ sardoine’; 
cacholong from decomposed serpentine, from Baldissero near Ivrea, Piedmont ; micro- 
cline broadly interbanded with albite (& larges bandes d’albite), from Départment de l’Ain, 
France; microcline (amazon-stone), from Miask, Ilmen mountains, Orenburg, Russia ; 
and microcline, from Bergen, Norway. 

PRESENTED BY THE MusEuM D’HistornE NatorEeryx, Paris. 

A sample of petroleum from the Khatan oil-wells, Sibi, Baluchistan. 

PRESENTED BY Mr. W. A. Fraser. 

Some copperas frome a drift near Pid Bungalow. PRESENTED EY Dr. H. Wate. 

A log of fossil wood from the Sanctoria colliery, Raniganj field, in the 15’ seam, 270° from 
the surface, Prrszentep By Mz. I. J. Wairry. 
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A block of porphyry from the ‘Olive’ boulder bed of the Salt Range, having seven glaciated 


surfaces. PRESENTED BY Dr. H. Wartn. 
A collection of fossils, rocks, &c., from the nummulitic strata about the petroleum wells af 
Khatan, 40 miles east of Sibi, Baluchistan. PRESENTED BY Mr. R. A. TOWNSEND. 


ADDITIONS TO THE LIBRARY. 


From Ist Argin to 30TH JUNE 1886. 
Titles of Books. Donors. 
A key to Professor H. H. Wilson’s system of transliteration. 8° Pam. Calcutta. No date. 
Ht. B. Mepuicort. 
An Act to make better provision for the regulation of Coal Mines and Collieries, 11th May 
1876. 8° Pam. Sydney, 1884. 


Anstep, David T.—Elementary course of Geology, Mineralogy, and Physical Geography. 


2nd edition. 8° London, 1856. H. B. Mepuicort, 

ASHBURNER, Charles A.—The geology of natural gas in Pennsylvania and New York. 
8° Pam. Philadelphia, 1885. Tos AUTHOR. 

ag The products and exhaustion of the oil regions of Pennsyl- 


vania and New York. 8° Pam. Philadelphia, 1885. 
Tus AvutrHor. 
Batrour, Edward.—Cyclopmdia of India and of Eastern and Southern Asia, commercial, 
industrial, and scientific; products of the mineral, vegetable, and animal 
kingdoms, useful arts and manufactures. 3rd edition. 3 Vols. 8° Lon- 
don, 1885. 

BaRRANDE, Joachim.—Deéfense des Colonies. V. 8° Prague, 1881. 
H. B. Mepttcorr. 
Barus, Carl, and SrrovHat, Vincent.—The electrical and magnetic properties of tho 
Iron-Carburets. 8° Washington, 1885. H. B. Mgpuicorr. 
Becker, George F.—The relations of the mineral belts of the Pacific Slope to the great 
upheavals. 8° Pam. New Haven, 1884. H. B. Mep.ticort. 


- Notes on the stratigraphy of California. 8° Pam. Washington, 
1885. H. B. Mepuicort. 
me Cretaceous metamorphic rocks of California. 8° Pam. New Haven, 
1886. H. B. Mepticort. 


Binney, William G.—The terrestrial air-breathing Mollusks of the United States and the 
adjacent territories of North America. 8° Cambridge, 1878, 


H. B. Mepricorr. 
Bianrorp, Henry F.—The Indian Monsoon Rains. 8° Pam. Allahabad. No date. 


H. B. Mepuicort. 


- Instructions for meteorological observers in Bengal, for the use of 
observers reporting to the Meteorological Office, Calcutta. §° 
Calcutta, 1868. H. B. Mepticorr. 

3 On the origin of a Cyclone. 8° Fam. London, 1869. 
H. B. Mepticorrt. 
93 On certain protracted irregularities of atmospheric pressure in 


Bengal in relation to the monsoon rainfall of 1868 and 1869. 
8° Pam. Calcutta, 1870. H. B. Mep.icorr. 
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Titles of Books. Donors 
BuanFrorp, Henry £.—The winds of Northern India in relation to the temperature and 
e vapour-constituent of the atmosphere. 4° London, 1874. 


H. B. Mepricort. 
On some recent evidence of the variation of the sun’s heat. 8° Pam. 


Calcutta, 1875. H. B, Mepricort. 
‘5 On the diurnal variation of rainfall frequency at Calcutta. 8° Pam. 
Calcutta, 1879. H. B. Mepuicorr. 


On the high atmospheric pressure of 1876-78 in Asia and Australia, 
in relation to the sun-spot cycle. 8° Pam. Calcutta, 1880. 
H. B. Mrputcort. 
On the connexion of the Himalaya snowfall with dry winds and 
seasons of drought in India. 8° Pam. London, 1884. 
H. B. MEpDLIcorr. 


The theory of the winter rains of Northern India. 8° Pam. Cal- 
cutta, 1884. H. B. Mrepticort. 
BuaxrorD, William Thomas.—On the nature and probable origin of the superficial deposits 
in the valleys and deserts of Central Persia. 8° Pam. 
London, 1873. H. B. MEDticort. 
Account of some specimens of flintcores and flakes from 
Sakhar and Rohri on the Indus, Sind. 8° Pam. Calcutta, 
1876. H. B. Mepticorr. 
A monograph of the genus Paradoxurus, F. Cuv. 8° Pam. 
London, 1885. THe AUTHOR. 
Remarks on askull of Paradoxurus. 8° Pam. London, 
1885. THE AUTHOR. 
Brown's Klassen und Ordnungen des Thier-Reichs. Band V, Abth. II, lief. 16—17, and 
Band VI, Abth. IT, lief. 13—15. 8° Leipzig, 1886. 

Burton, Rickard F.—The land of Midian (revisited), 2 vols. 8° London, 1879. 
R. D. OLtpHam. 
Catt, R. Ellsworth.—On the quaternary and recent mollusca of the Great Basin, with 
descriptions of new forms. Introduced by a sketch of the quaternary lakes 

of the Great Basin, by G. K. Gilbert. 8° Washington, 1884. 

H. B. Mrpuicort. 


CaMPBELL, J. F.—About Polar Glaciation, &c. 8° Pam. London, 1874. 
H. B. MEpricorr. 


“3 Glacial Periods. 8° Pam. London, 1879. H. B. Mzpricort. 
CyHamMBERLIN, Thomas Chrowder.—-Preliminary paper on the Terminal Moraine of the 
second glacial epoch. 8° Washington, 1883, H. B. Mspticort. 

Cuorrat, Paul.—De l’impossibilité de comprendre le Callovien dans le Jurassique Supérieur. 
8° Pam. Lisboa, 1884, H. B. Mepuicorr. 


CraBkE, F. W., and Cuatarp, 7. M.—A report of work done in the Washington labora- 


tory during the fiscal year 1883-84. 8° Pam. Washington, 1884. 
H. B. Mepuicorv. 


93 


93 


CuarxE, William Branwhite.—Effects of forest vegetation on climate. 8° Pam. Sydney, 
1876. H. B. Mzp.icort. 
Remarks on the sedimentary formations of New South 
Wales, illustrated by references to other provinces of 


Australasia. 4th edition. 8° Sydney, 1878. 
H. B. MEpDLIicotr. 
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Titles of Books. Donors, 
Creve, P. T.—Ontlines of the geology of the north-castern West India Islands. 8 Pam. 
New York, 1881. H. B. Mepnitcort. 
CockBuRN. John.~—Notes on stone implements from the Khasi Hills and the Banda and 
Vellore districts. 8° Pam. Calentta, 1879, MH. B. Mrpricotrr, 
Corr, Edward D.—The vertebrata of the cretaceous formations of the West. 1° Wash- 
ington, 1878. HW. B. Mepnicerr. 


Crooxrs, William.—Select methods in chemical analysis (chiefly Inorganic). 2nd edition. 
8° London, 1886. 

Cross, WFhitman.—On Hypersthene-Andesite and on Triclinie Pyroxene in Augitie rocka, 
With a geological sketch of Buffalo Peaks, Colorado, by 8. Ff. Eanmons. 
8° Pam. Washington, 1883. H.. Mrpuicort. 

Dart, William H.—General conclusions from a preliminary examination of the Mollusea 
dredged in the Gulf of Mexico in 1877-78 by the U.S, Coast Survey 
steamer “ Blake.” 8° Pam. Cambridge, 1880. H. BO Mepntcort. 

Dana, Edtcard Salisbury.—Third appendix to the 5th edition of Dana’s Mineralogy. 8° 

New York, 1883. 

A crystallographic study of the Thinolite of Take Lahontan. 

8° Pam. Washington, 1881. IH. B. Menricorr. 

Davipson, Thomas, and Datton, W. H.—Monograph of the British Fossil Brachiopoda. 
Vol. VI, conclusion. (Pal. Soc.). 4° London, 1886. - 

Dawson, John William.—On the cretaccous and tertiary floras of British Columbia and the 

north-west territory. 4° Pam. Montreal, 1882. Tne AvrHor. 
e On the mesozoic floras of the Rocky Mountain Reyion of Canada, 
4° Pam. Montreal, 1885. THe AUTOR. 

De wa Becue, Sir Henry Thomas.—A geological manual. 8° London, 1831. 

H. B. Mepzricorr. 


33 


i The geological observer. 2nd edition. 8° London, 

18653. H. B. Mrpzicort. 

Detaunay, Charles Eugéne.—On the hypothesis of the internal fluidity of the terrestrial 
globe. 8° Pam. London, 1868. H. B. Mepuicortt. 

DewxEssE, Achille.—Observations sur la presence d’eau de combinaison dans les rochies 
feldspathiques. 8° Pam. Paris, 1849. Hf. B. Mepticorrt. 

i Mémoire sur la Minette. 8° Pam. Paris, 1865. Hf. B. Mepraicortt. 

‘5 Sur les gisements de chaux phosphatée de l’Estramadure. 8° Pain. 

Paris, 1877. H. B. MEputicort. 

- Carte agronomique du département de Seine-ct-Marne. 8° Pam. Paris, 

1880. HI. B. Mepuicort. 

DEEssE, Achille, and LapparEnt, Albert de-—Revue de Géologie pour les années 1876 
et 1877. 8° Paris, 1879. H. B. Mepticorr. 


Drsor, Ed.—Der Gebirgsbau der Alpen. 8° Wiesbaden, 1865. 


Doront, Edouard.—Les iles coralliennes de Roly et de Philippeville. 8° Bruxelles, 1442. 
H. B. Mepticort. 


Epwakrps, Henri Milne.—Zoologie. 8° Paris, 1850. H. B. Mepticorr. 
Exson, S. &.—The currents and tides of the Hooghly and its littoral, and how they are 
influenced. 8° Pam. Calcutta, 18865. H. B. Mepuicort. 


Encyclopedia Britannica. 9th edition. Vol. XX. 4° Edinburgh, 1886. 
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Tttles of Books. Donors. 
ETHERIDGE, Robert.—On the analysis and distribution of the British Paleozoic Fossils. 8° 
London, 1881. H. B. Mepticort. 

‘s On the analysis and distribution of the British Jurassic Fossils. 8° 

London, 1882. H. B. MEpD1u1cortt. 


FEISTMANTEL, Ottokar.—On some fossil plants from the Damuda series in the Réniganj coal- 
field, collected by Mr. J. Wood-Mason. 8° Calcutta, 1876. 
H. B. Mepuicorr. 


ee Notes on the fossil flora of Eastern Australia and Tasmania. 8° Pam. 

Sydney, 1880. H. B. Mepticorr. 

FisHER, Osmond.—On the formation of mountains, with a critique on Capt. Hutton’s lecture. 
8° Pam. London, 1873. H. B. Mepticorr. 

‘3 On the possibility of changes in the latitudes of places on the earth’s 


surface ; being an appeal to physicists. 8° Pam. London, 1878. 
H. B. Mepiicorr. 


FontainkE, William Morris.—Contributions to the knowledge of the older Mesozoic Flora 


of Virginia. 4° Washington, 1883. H. B. Mepticorrt. 
Foott, Robert Bruce.—On the distribution of stone implements in Southern India. 8° 
Pam. Jondon, 1868. H. B. Mgpticorr. 
Forsss, David.—The structure of rock masses (stratification, joints, cleavage). 8° Pam. 
- London, 1870. H. B. Mep.icort, 

; On the nature of the Earth’s interior. 8° Pam. London, 1871. 


H. B. Mepticorr. 

GALBRAITH, Joseph A., and Haveuton, Samuel.—Manual of Plane Trigonometry. 12° 

Dublin, 1852. H. B. Mepticort, 

Gannett, Henry.—Lists of elevations principally in that portion of the United States west 
of the Mississippi river. 3rd edition. 8° Pam. Washington, 1875. 

H. B. Mepuicorr. 
Fe A dictionary of altitudes in the United States. 8° Washington, 1884. 

H. B. Mep.icort. 


GaRDNER, John Starkie-—Monograph of the British Eocene Flora. Vol. II, part 3. (Pal. 
Soc.) 4° London, 18865. 
Gurixiz, Archibald.—Class-book of Geology. (2 copies.) 8° London, 1886. 
GitBeRt, G. K.—The Colorado Plateau region considered as a field for geological study. 
8° Pam. New Haven, 1876. H. B. Mepuicorr. 
Gopwin-Avustrey, H. H.—Notes on geological features of the country near foot of hills 
in the western Bhootan Dooars. 8 Pam. Calcutta, 1868. 
H. B. Mepuicort. 
s The evidence of past glacial action in the Naga Hills, Assam. 
8°Pam. Calcutta, 1875. H. B. Mepuicorr. 
Hatton, Frank.—North; Borneo. Explorations and adventures on the equator. With 
biographical sketch and notes by Joseph Hatton, and preface by Sir 
Walter Medhurst. 8° London, 1886. 
Haveutonr, Samuel.—Experimental researches on the granites of Ireland. Part III: On 
the granites of Donegal. 8° Pam. London, 1862. 
H. B. Mgpricorr. 
‘3 On the joint-systems of Ireland and Cornwall, and their mechanical 
origin. 4° Pam. London, 1864. H. B. Mgpuicort. 
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Titles of Books. Donors, 
Havexuton, Samuel .—On the constituent minerals of the granites of Scotland, as compared 
with those of Donegal. 8° Pam. London, 1870. 
H. B. Mepurcorr. 
% Notes on physical geology. 8° Pam. London, 1877. 


H. B. Mrpuicort. 

Histor, Stephen.—On the tertiary deposits associated with trap-rock in the East Indies, 

with descriptions of the fossil shellx: and of the fossil insects, by 

Andrew Murray; and a note on the fossil Cypridm, by T. Rapert Jones. 

8° Pam. London, 1860. H. B. Mepuicort. 

Hut, Edward.—Paleo-geological and geographical maps of the British Islinds and the 
adjoining parts of the continent of Europe. 4° Dublin, 1882. 

H. B. Mrpricorr, 

Hussax, Eugen,—The determination of rock-forming minerals. Translated from the first 

german edition by Erastus G. Smith. 8° New York, 1886. 
Indian and Colonial Exhibition, London, 1886. New Zealand Court. Detailed catalogue 
and guide to the geological exhibits. By James Hector. 8° Wellington, 


1886. GEOLOGICAL SURVEY oF NEw ZBALAND. 
Irvine, Roland D.—Preliminary paper on an investigation of the Archian formations of 
the north-western states. 8° Washington, 1885. Tue AuTHorR. 


Irvine, Roland D., and Van Htsz, C. #.—On secondary enlargements of minoral frag- 
ments in certain rocks. 8° Washington, 1884. 


H. B. Mepuicortt. 
JenkinS, H. M.—On some tertiary mollusca from Mount Sela, in the island of Java With 


a description of anew coral from the same locality, and a note on the 
Scindian fossil corals, by P. Martin Duncan. 8° Pam. London, 1864. 


H. B. Mepticorr. 
JOHNSTONE, J.—Captain Welsh’s expedition to Assam in 1792, 17938, and 1794. 8° Pam. 


Calcutta, 1877, H. B. Mrepuicorr. 
Jupp, John Wesley.—On the methods which have been devised for the rapid determination 
of the specific gravity of minerals and rocks. 8° Pam. London. 


No date. H. B. Mrpuicort. 
45 On the relations of the Eocene and Oligocene strata in the Hamp- 
shire Basin. 8° Pam. London, 1882. H. B. MEDLIcor?. 
- On the relation of the reptiliferous sandstone of Elgin to the Upper 
Old Red Sandstone. 8° Pam. London, 1886. H. KB. Msvuicort. 

. On the tertiary and older Peridotites of Scotland, 8° London, 1885. 
H. B. Mepuicort. 
ss On the Gabbros, Dolerites, and Basalts of tertiary age in Scotland 
and Ireland. 8° Pam. London, 1886. H. B. Mepticort. 
53 Report on a series of specimens of the deposits of the Nile Delta, 


obtained by the recent boring operations. 8° Pam. London, 1886. 

H. B. MEepticorr. 

Jupp, Juhn Wesley, and Coin, Grenville A. J.—On the Basalt-glass (Tachylyte) of the 
Western Isles of Scotland. 8° Pam. London, 1883. 

H. B. Mepticort. 

Juxgs, Joseph Beete, and Haveuton, Samuel.—On the lower palmozoic rocks of the 

south-east of Ireland, and their associated igneous rocks. 4° Dublin, 

1859. H. B. Mgepuicort. 
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Titles of Books. Donors. 
JULIEN, Alexis 4.—On the fissure-inclusions in the fibrolitic gneiss of New Rochelle, N. Y. 
8° Pam. New York, 1879. H. B. Mepticorr. 

5 On spodumene and its alterations from the granite veins of Hampshire 

Co., Mass. 8° Pam. New York, 1879. H. B. Mrepticorr. 

KInGsMILL, Thomas W.—The flagstones and conglomerates of Ning-kong Jow in northern 





Chehkiang. 8° Pam. , 1886. THE AUTHOR, 


Kornen, A. von.—Die Crinoiden des norddeutschen Ober-Devons. 8° Pam. Stuttgart, 1886. 
THE AUTHOR. 


” Ueber clymenienkalk und Mitteldevon resp. Hercynkalk P bei Mont- 
pellier. 8° Pam. Stuttgart, 1886. THE AUTHOR. 
” Ueber das verhalten von dislokationen im nordwestlichen Deutschland. 
8° Pam. Berlin, 1886. THE AUTHOR. 
. Ueber die stérungen, welche den Gebirgsbau im nordwestlichen und west- 


lichen Deutschland bedingen. 8° Pam. Gottingen, 1886. 
THE AUTHOR. 
Kunz, George F.—On remarkable copper minerals from Arizona. 8° Pam. New Haven, 1885. 
THE AUTHOR. 
” Meteoric iron from Jenny's Creek, Wayne County, West Virginia. 8° 
Pam. New Haven, 1886. Tor AUTHOR. 


Lacrorx, 8. ¥.—Elémens de Algébre, a l’usage de I’école centrale des quatre nations. 6”° 
édition. 8° Paris, 1836. H. B. Mep.icorr. 
Lamar, W. H., and Exits, Frank W.—Physical observations during the Lady Franklin 
Bay Expedition of 1883. 8° Washington, 1884. Homes Dept. 
LenMann, Johannes—Untersuchungen iiber die Entstehung der Altkrystallinischen 
Schiefergesteine mit besonderer bezugnahme auf das Siichsische Granulicge- 
birge Erzgebirge, Fichtelgebirge und Bairisch-Béhmische Grenzgebirge. 

With atlas of plates. 4° Bonn, 1884. 
LesquErEvx, Leo.—Contributions to the Fossil Flora of the western territories. Part II. 
The Tertiary Flora. 4° Washington, 1878. H. B. Mepricort. 


99 Report on the fossil plants of the auriferoue gravel deposits of the 

Sierra Nevada. 4° Cambridge, 1878. H. B. Mep.icorr. 

Linpstrém, Gustaf—Silurische korallen aus Nord-Russland und Sibirien. 8° Pam. 
Stockholm, 1882. H. B. Mrputcorr. 

Loczy, Ludwig.—Ueber die eruption des Krakatau im Jahre 1883. 8° Pam. Budapest, 
1884. H. B. MEpuicort. 


LypExxeEr, Rickard.—Note on the generic identity of the genus Esthonyx, Cope, with 

Platychzerops, Charlesworth (-Miolophus, Owen). 8 Pam. 

London, 1885. Toe AUTHOR. 

99 Notes on the zoological position of the genus Microcherus, Wood, 

and its apparent identity with Hyopsodus, Leidy. 8° Pam. Lon- 

don, 1885. THE AUTHOR. 

On the oceurrence of the crocodilian genus Tomistoma in the 

Miocene of the Maltese Islands. 8° Pam. London, 1886. 

THE AUTHOR. 

DLyeut, Charles.—Manual of elementary geology: or the ancient changes of the earth and 
inhabitants as illustrated by geological monuments. 4th edition. 

London, 1852. H, B. MEpLicort. 


Lid 
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Titles of Books. Donors. 
Lyman, Zheodvre.—Ophiuride and Astrophytide of the exploring voyage of I. M. 8S. 
“ Challenger.” Parts 1-2, 8° Cambridge, 1878 and 1879. 
H. B. Mepuicotr. 
Lyons, 7. A.—The magnetism of iron and steel ships: an explanation of the various ways 
in which it affects the compass. 5° Washington, 1584. 
tloms DEPARTMENT. 
MacraGan, 2.—The rivers of the Punjab. 8° Pam. London, 1885. 
H. B. Mrpuicorr. 
MacitEay, Villiam.—Descriptive catalogue of Australian fishes. 2 Vols. and supplement. 
8° Sydney, 1881-1884. Linn.zan Suctery or N.S. Waxes. 
McManox, A. R.—The Karens of the Goldeu Chersonese. 8° London, 1876. 
K. D. Oupuam. 
Matztet, Robert.—Notice of some of the secondary effects of the earthquake of LOth 
January 1869, in Cachar, communicated by Dr. Oldham, Calcutta. 


8° Pam. London, 1872. H. B. Mxpuicotr. 
9 On the probable temperature of the Primordial Ocean of our globe. 8° 
Pam. London, 1880. H. B. Mepuicorr. 


Maxrcov, Jules, and Manrcov, John Belknap.—Catalogue of geological maps of America 
(north and south), 1752—1881, in geographic and chronologic order. 8” 


Washington, 1884. H. B. Mepuicort. 
Marsu, Othniel Charles.—Introduction and succession of vertebrate life in America. 8° 
New Haven, 1877. IY. B. Mepuicort. 


MasKELYNE, Wevil Story.—Notices of Aérolites. 8° Pam. London, 1863. 

NW. B. Mepuicorr. 

Mepuicort, Henry Benedict.—Artesian borings in India. 8° Pam, Calcutta, 188). 
Tue AvutHor. 
53 Further considerations upon artesian sources in tho plains 

of Upper India. 8° Pam. Cualcutta, 1885. 

Tre Avtgoor. 
Msex, F. B.—A report on the Invertebrate Cretaceous and Tertiary Fossils of tho Upper 


Missouri country. 4° Washington, 1876, Hi. B. Mepuicorr, 
Meer, F. B. Hatt, James, and WuHitFietp, &. P.—American Palwontology. 4° 
Washington, 1877. Hf. B. Mevuicorr. 


Meuvo.a, Raphael, and Wutre, William.—leport on the East Anglian earthquake of April 
22nd, 1884. 8° London, 1885. 

Mine, John.—Earthquakes and other earth movements. 8° London, 1886. 

Mossisovics, Ldmund von.—Arktische Triasfaunen. 8° Pam. Wicn, 1886, 

Tug Avutror. 

Mosstsovics, Edmund von, and Neumayer, e/chior.—Beitriige zur Palaontologie © ster- 
reich-Ungarns und des Orients. Band IV, heft 3—4, and V, heft 2. 
4° Wien, 1886. 

Mossisovics, Edmund von, T1ETzE, Emil, and Birtner, A.—Grundlinien der Geologie 


von Bosnien-Hercegovina. 8° Wien, 18X0, H. B. Mepiicort. 
MvueELuer, Ferdinand von.—Observations on new vegetable fossils of the Auriferous Drifts. 
8° Pam. Melbourne, 1883. H. B. Mepuicorr. 


Nesuit, D, 2£.—Tide marshes of the United States. 8° Washington, 1885. 
Home DepartMEnt. 
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Nicnuoison, Henry Alleyne.—Monograph of the British Stromatoporoids. Part 1. (Pal. 
Soc.) 4° London, 1886. 
NoxrtrnineG, Fritz.—Einige fossile Haifischzahne. 8° Pam. ~——, 1886. THE AUTHOR. 
OtpHam, C. F.—Notes on the lost river of the Indian Desert. 8° Pam. Calcutta, 1874. 
H. B. Mepuicorr. 
OtpHam, Richard Dizon—Memorandum on the probability of obtaining water by means 
of Artesian Wells in the plains of Upper India. 8° Pam. Calcutta, 1885. 
H. B. Merpuicorr. 
OrpHaMm, Thomas.—Notes upon the geology of the Rajmahal Hills; being the result of exa- 
minations made during the cold season of 1852-53. 8° Pam. Calcutta, 
1854, H. B, Mrpuicort. 
Otiver, £. #.—Note on coal and iron in the Punjab. 8° Lahore, 1883. 
H. B. MeEpuicorr. 
Paléontologie Francaise. lre série. Animaux Invertébrés, Terrain Jurassique, Crinoides, 
Liv. 80; and Eocane, Echinides, Liv. 3. 8° Paris, 1886. 
PEepier, Alexander.—On the past and present water supplies of Calcutta. 8° Pam. Calcutta, 
1880. H. B. Mgpuicort. 
PHILLIPS, John.—Manual of Geology, theoretical and practical. Edited by Robert Etheridge 
and Harry Govier Seeley. 2 vols. 8° London, 1885. 
PorteR, Thomas C., and CouttERr, John M.—Synopsis of the flora of Colorado. 8° Washing- 
ton, 1874. H. B. Merpuicort. 
Povrain, Ch.—Commission des puits artésiens 4 Pondichéry. 8° Pam. Pondichéry, 1877. 
H,. B. Mepricorr. 
PourtaLEs, L. F.—Report on the corals and antipatharia dredged in the Caribbean Sea 
in 1878-79 by the United States Coast Survey steamer “ Blake.” 8° 
Pam. Cambridge, 1880. H. B. Mzvticorr. 
PREsTWICH, Joseph.—On the structure of the crag-beds of Norfolk and Suffolk, with some 
observations on their organic remains, Parts 1-3. 8° London, 
1871. H. B. Mepticorrt. 
i; Geology ; chemical, physical, and stratigraphical. Vol. I. 8° Oxford, 
1886. 
RAsEnpratdta Mrrra.—A scheme for the rendering of European scientific terms into the 
vernaculars of India. 8° Pam. Calcutta, 1877. H. B. MEDLIcortT. 
Ray, P. Henry.—Report of the international polar expedition to Point Barrow, Alaska. 
4° Washington, 18865. CuirF Siena OrrFicer, U.S. Agmy. 
Ricketts, Charles.—On accumulation and denudation, and their influence in causing oscil- 
lation of the Earth’s crust. 8° Pam. London, 1883. H. B. MEDLIicorTr. 


Ritry, Charles V.—The Periodical Cicada. “An account of Cicada Septendecim and its 
tredecim race, with a chronology of all broods known. 8° Pam. Washing- 
ton, 1885. Homs DEPARTMENT. 

Ross, David.—The land of the five rivers and Sindh. 8° London, 1883. 8. D.OnpHam. 

Routizy, Frank.—Notes on some peculiarities in the microscopic structure of Felspars. 8° 


Pam. London, 18785. H. B. Mepuicorr. 
is On some structures in Obsidian, Perlite, and Leucite. 8° Pam. London, 
1876. j H. B. Mgepticorr. 


ScuusaRt, 74.—Description et notices sur l’installation et V’entretien des Météorographes 
graveurs de Van Rysselberghe et Schubart, construits pour compte du 

Ministére des Indes Britanniques. 8° Pam, Gand, 1880. 
H. BR. Mzgpuicorr 
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Scorr, Robert H.—On the granitic rocks of Donegal, and the minerals therewith associated. 
8° Pam. Dublin, 1963. Hl. B. Mepuicorr. 


Simms, Frederick W.—A treatise on the principal mathematical instruments employed in 
surveying, levelling, and astronomy: explaining their construction, adjust- 
ments, and use. 6th edition. 8° London, 1884. Hi. B. Mepuicott. 

Srupsox, E., Sregers, Henry, HENDERSON, Alexander, Hows 1, J. .f{., Banper, F#. 3,, 
and Frernaxtp, F. £.—Tests of anti-corrosive and anti-fouling paints. 


8° Pam. Washington, 18865. HomkE DEragTMENT. 

Sorby, Henry Clifton.—On the microscopical structure of Meteorites. 8° Pam. London, 
1864. Hf, B. Mgpsticort. 

- On the structure and origin of non-caleareous stratified rocks. 8° 

Pam. London, 1880. Hf. Bb. Mepticotr. 


Srencer, J. W.—Elevations in the Dominion of Canada. 8° Pam. Washineton, 1884. 
HM. B. Mepuicorr. 
StanpaGE, H. C.—The Artists’ Manual of Pigments, showing their componition, conditions 
of permanency, non-permanency, and adulterations ; effects in combina- 
tion with each other and with vehicles; and the most reliable tests of 
purity, together with the Science and Art Department's examination ques- 
tions on painting. 8° London, 1886. 
Statistical Atlas of India, prepared for the Colonial and Indian Exhibition, 1886. Fol. Cal- 
cutta, 1886. GOVEBNMENT oF INDIA. 
STEVENSON, Juhu J.—Some notes respecting metamorphism. 8° Pam. Philadelphia, 18814. 
If. B. Mepuicort. 
Sroniczka, Ferdinand.—On the character of the Cephalopoda of the South Indian Creta- 
ceous Rocks. 8° Pam. London, 1865. H. B. Mepticortr. 
Srracuey, Richard.—Proposals relating to the introduction of new standards of weight 
and measure in British India. Fils. Pam. Simla, 1867. 
H. 3B. Mepzicort. 
Sugss, Eduard.—Das Antlitz der Erde. Abth.I. 8° Prag, 1883. H. B. Mrpuicorr. 
TENNANT, James Franeis.—Report on observations of the total eclipse of the sun on 
December 11th-12th 1871, made by order of the Government of India 
at Dodabetta, near Ootacamund. 4° Pam. London, 1875. 
H. B. Mepuicort. 


TruTze, Emil.—Einige bemerkungen tiber die bildung von Querthiilern. Folge2. 8° Pam. 


Wien, 1883. ° H. B. Meputcorr, 

TscHERMAK, Gustav.—Die bildung der Meteoriten und der Vulcanismua. 8° Pam. Wien, 
1875. H. B. Mepuicorr. 

WapswortH, M. £.—Notes on the geology of the iron and copper districts of Lake Superior. 
8° Cambridge, 1880. : H. B. Mepuicorr. 

7 On the origin of the iron ores of the Marquette district, Lake Superior. 

8° Pam. Boston, 1880. H. B. Mzepuicorr. 

Waxcort, Charles Doolitile.—On the Cambrian Faunas of North America. 8° Washing- 
ton, 1884. H. B. Mep.icorr. 


Paleontology of the Eureka district. 4° Washington, 1884. 
HeB. MEpuicorr. 

Watt, Charles A.—On Mesozoic Fossils. 8° Pam. Washington, 1884. 
a Fg H. B. Mepuicorr. 
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Wats, Charlies 4.—On the Mesozoic and Cenozoic Paleontology of California. 8° Pam. 
Washington, 1885. H. B. Mrpuicorr. 


Ware, Charles A.,and Nicnorsox, Henry <Alleyne.—Bibliography of North American 
Invertebrate Paleontology. 8° Washington, 1878. 
hh. B. MED1ICOTT. 
Warrney, J. D.—The auriferons gravels of the Sierra Nevada of California. Parts 1-2. 
4° Cambridge, 1879-1880. H. B. Mepricorr. 
Wii114Ms, Albert.—Gold and silver conversion tables giving the coining values of troy 
ounces of fine metal, and the weights of fine metal represented by 
given sums of United States money. 8° Pam. Washington, 1883. 
H. B, MEDLICoTT. 
Wittiams, Henry §.—On the fossil faunas of the Upper Devonien along the meridian of 76° 
40’ from Tompkins County, N. Y., to Bradford County, Pa. 8° Pam. 
Washington, 1884, H. B. Mzvuicorr. 
Witiians, J. Butler.—Practical geodesy : comprising chain surveying, and the use of sur- 
veying instruments; levelling, and tracing of contours; together with 
trigonometrical, colonial, mining and maritime a 2nd edition. 
8° London, 1846. H. B. Muapuicort. 
WoLtERstoRFF, W.—Ueber fossile Frosche insbesondere das genus Palaeobatrachas. Theil 
I. 8° Magdeburg, 1886. ” Tos AUTHOR. 
Woon, James.—Eloments of Algebra designed for the use of students in the university. 
11th edition. 8° Cambridge, 1841. H. B. Mgpttrcort. 
Wrienxt, Thomas—Monograph of the Lias Ammonites of the British Islands. Part VIII. 
(Pal. Soc.) 4° London, 1886. 


PEBIODICAES, SERIALS, &c. 


American Journal of Science. 3rd series, Vol. XX XI, Nos. 183-185. 8° New Haven, 1886. 
Tou EpItTors. 
American Naturalist. Vol. XX, Nos. 2-4. 8° Philadelphia, 1886. 
Annalen der Physik und Chemie. Neue folge, Band XXVII, Nos. 3-4, and XXVIII, No. 1. 
8° Leipzig, 1886. 
Annales des Mines. 8° série, Tome VIII, livr. 6. 8° Paris, 1885. 
L’ADMINS, DES MINES. 


Annales des Sciences Naturelles, 6™° série, Zoologie et Paléontologie, Tome XIX, Nos. 4-6, 
and XX, Nos. 1-2; and 7™ série, Botanique, Tome III, Nos. 1-8. 8° 
Paris, 1885-1886. 

Annals and Magazine of Natural History. 5th series, Vol. XVII, Nos. 100-102. 8° 
London, 1886. 

Athenwum. Nos. 3046-3058. 4° London, 1886. 

Beiblatter zu den Annalen der Physik und Chemie. Band X, Nos. 3-4. 8° Leipzig, 
1886. 

Biblioth Gque Universelle. Archives des Sciences Physiques et Naturelles. 3™° période, 
Tome XV, Noa, 1-3. 8° Gendve, 1886. 

Bibliothéque Universelle et Revue Suisse. 3™° période, Tome XXIX, Nos. 86-87, and 
XXX, No. 88. 8° Lausanne, 1886, 


Botanischer Jabresbericht. Jahrg. XI, Abth. II, halfte 1. 8° Berlin, 1886. 
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Botanisches Centralblatt. Band XXV, Nos. 10-18, and XXVI, Nos. 1-8. 8° Caneel, 
1886. 


Chemical News. Vol. LIII, Nos. 1372-1384. 4° London. 1886. 

Colln zy Guardian. Vol. LI, Nos. 1815-1827. Fol. London, 1886. 

Das Ausland. Jahrg. LIX, Noa. 10-22. 4° Stuttgart, 1886. 

Geological Magazine. New series, Decade III, Vol. 111, Nos. 4-6, 8° London, 1886. 

Indian Engineer. Vol. I, Nos. 1-7. 4° Calcutta, 1886. Tur Epitor. 

Iron. Vel. XXVII, Nos. 687-699. Fol. London, 1886, 

Journal de Conchyliologie. 3°° série, Tome XXV, No. 4. 8° Paris, 1885. 

London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science 5th series, 
Vol. XXI, Nos. 131-188. 8° London, 1886. 

Mining Journal. Vol. LVI, Nos, 2637-2649. Fol. London, 1836. 

Nature Novitates. Nos. 5-10. 8° Berlin, 1886. 

Nature. Vol. XXXIII, No. 854 to Vol. XXXIV, No. 866. 4° London, 1886. 

Neues Jahrbuch fiir Mineralogie, Geologie, und Palacontologic. Juahrg. 1886, Band I, heft 
2-3. 8° Stuttgart, 1886. 

Neues Jahrbuch fiir Mineralogie, Geologie, und Palacontologie. Beilage-Band IV, heft 2. 8° 
Stuttgart, 1886. ; 

Palaeontographica. Band XXXII, heft 2-3. 4° Stuttgart, 1886. 

Palaeontographica. Supplement II, Abth. 1-5. With 4° plates. 8° and 4° Cassel, 1870- 
1884. 

Petermann’s Geographische Mittheilungen. Band XXXII, Nos. 3-5. 4° Gotha, 1886. 

Petermann’s Geographische Mittheilungen. Supplement Nos. 81-82. 4° Gctha, 1886. 

Professional Papers on Indian Engineering. 3rd series, Vol. IV, No. 13. Fisc. Ruorkee, 
1886. THomason CoLLEGcE OF CiviL ENGINFERING. 

Quarterly Journal of Microscopical Science. New series, Vol. XXVI, Nos, 102-103. 
8° London, 1886. 

Zeitschrift fir Naturwissenschaften. Folge 4, Band IV, heft 6. 8° Halle, 1885. 


GOVERNMENT SELECTIONS, REPORTS, &c. 
Titles of Books. Donors. 


Breyaat.—Quarterly Bengal Army List. New series, No. 96. 8° Calcutta, 1886. 
GOVERNMENT OF INDIA. 
BompBay.— Selections from the Records of the Bombay Government. New series, Nos. 
175-177, & 179. Fisc. Bombay, 1886. BomBay GOVERNMENT, 
BurmMa.—Annual report on the Light-houses off the coast of Burma for 1885-86. Flsc. 
Rangoon, 1886. Cuig¥F ComMMissiongrk, Burma. 
Inp1a.—Administration report on the Railways in India for 1885-86. Part I. Flec. Simla, 
1886. GOVEENMENT oF Inp1A, 
Annual statement of the trade and navigation of British India with Foreign 
Countries, and of the coasting trade of the several Presidencies and 
Provinces, in the year ending 3lset March 1885. Novo.19. 4° Calcutta, 


1886. GOVERNMENT OF INDIA. 
a Indian Meteorological Memoirs. Vol. III, part 1, and IV, part 1. 4° Calcutta, 
1886. METEOROLOGICAL REPORTER TO GOVERNMENT OF INDIA. 


Memorandum to accompany charts of temperatme and rainfall of India. By 
H. F. Blanford. 8° Calcutta, 1886. 
MetrzoronoaicaL Rerorter TO GOVERNMENT oF InpIA, 


bP 
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Inp14.—Meteorological observatiqns recorded at six stations in India in 1885, reduced and 
corrected. November. 4° Calcutta, 1886. 

METEOROLOGICAL REPoRTER TO GOVERNMENT OF INDIA. 

»» Report on the Meteorology of India in 1884. 4° Ca leutta, 1886. 
METEOROLOGICAL REPORTER TO. GOVERNMENT OF INDIA. 
> List of Civil Officers holding gazetted appointments under the Government of 
India in the Home, Legislative, and Foreign Departments, as it stood on 


the lst January 1886. 8° Calcutta, 1886. Home DEPARTMENT. 
» - Selections from the Records of the Government of India, Home Department. No. 
206. Fisc. Calcutta, 1886. GoVERNMENT OF INDIA. 


zs Statistical tables for British India. 10th issue. 4° Calcutta, 1886. 

GOVERNMENT OF INDIA. 

Mapras.—Manual of the administration of the Madras Presidency. Vol.I. Flsc. Madras, 
1885. Mapras GovERNMENT. 

N.-W. Provincrs.—Gazetteer of the North-Western Provinces. Vol. XII. 8° Allahabad, 
1886. GOVEENMENT OF THE N.-W. Provincers. 
Punzas.—Report on the administration of the Punjab and its dependencies for 1884-85. 
Flsc. Lahore, 1886. PunzaB GoVERNMENT. 


TRANSACTIONS, PROCEEDINGS, &c., OF SOCIETIES, SURVEYS, &c. 


BaLLAaRaT.—Annual report of the School of Mines, Ballaarat, 1885. 8° Ballaarat, 1886. 
ScHoot oF Minzs, Bataarart. 
Batavra.—Natuurkundig Tijdschrift voor Nederlandsch-Indié, Serie VIII, Deel VI, 8° 
Batavia, 1886. THe Socrzry. 
- Nederlandsch-Indisch Plakaatboek, 1602-1811. Deel II. By J. A. Van der 
Chijs. 8° Batavia, 1886, THE Sociery. 
és Notulen van het Bataviaasch Genootschap van kunsten en Wetenschappen. Deel 
XXIII Afi. 4, and XXIV Afil.1. 8° Batavia, 1886. Tue Socrery. 
- Tijdschrift voor indische Taal-Land-en Volkenkunde. Deel XXXI, Afi. 1-2. 
8° Batavia, 1886. Tae Socrery. 


Brrrin.—Sitzangsberichte der Konig. Preuss, Akademie der Wissenschaften. Nos. 40-52, 


1885. 8° Berlin, 1885-1886. Tre AcapEmy. 
% Zeitschrift der Deutschen Geologischen Gesellschaft. Band XXXVII, heft 4. 
8° Berlin, 1885. Tur Socrety. 


Bomsay.—Journal of the Bombay Natural History Society. Vol. I, Nos. 1-2. 8° Bombay, 

. 1886. THe Socrery, 

Boston.--Proceedings of the American Academy of Arts and Sciences. New series, Vol. 

XIII, part 1. 8° Boston, 18865. THE AcaDEmy. 

BavssEts.— Bulletin de la Société Belge de Géographie. AnnéeI, Nos. 1-3; ILI, No. 3; 
and VY, No. 3. 8° Bruxelles, 1877, 1879, and 1881. 

+ Bulletin de la Société Royale Belge de Géographie. Année X, No. 1. 8° 

Bruxelles, 1886. Tue Soctgry. 

FA Musée royal d'histoire naturelle de Belgique. Explication de la feuille de Meix- 

Devant-Virton. Par J.C. Parves. (No maps published.) 8° Bruxelles, 

1885. ° THE MusruM. 


PART 3.] Additions to the Library. 179 


Titles of Books. Donors. 
Brvsskis.—Musée royal d'histoire naturelle de Belgique. Explication de la feuille de 
Roulers, Wacken, et Thourout. Par M. A. Rutot. (No maps pubhshed.) 


8° Bruxelles, 1885. Tne Mvusecm. 
9 Procés-verbal de la Société Royale Malacologique de Belgique. p.p. 81-144. 8° 
Bruxelles, 1885. Tur Sociery. 


Bucargst.— Annuaire du Bureau Géologique. Année 1882-83, Nos. 1-2. 8° Bucarest, 1886. 
GEOLOGICAL Burgav, Bucarest. 

BupaPEst.—Természetrajzi Fiizetek. Vol. X, No.1. 8° Budapest, 1886. 
Tor Hcncartan NatTionat Mustvum. 
Bornos Arres.—Boletin de la Academia Nacional de Ciencias en Cordoba. Tomo VIII, 


Nos. 2-3. 8° Buenos Aires, 1885. THE AcaDEMY. 
Bourrato.—BEulletin of the Buffalo Society of Natural Sciences. Vol. V, No. 1. 8° Buffalo, 
1886. Tue Society. 
Cancurra.—Journal of the Agiicultural and Horticultural Society of India. New series, Vol. 
VII, pt.4. 8° Calcutta, 1886. Tus Socigry. 

6 Journal of the Asiatic Society of Bengal. New series, Vol. LV, pt. I, No. I, 

and pt. II, No. 1. 8° Calcutta, 1886. Tne Sociery. 


re Proceedings of the Asiatic Society of Bengal. Nos. I-III. 8° Calcutta, 1886. 
Tue Socisry. 

‘ Palswontologia Indica. Series X, Vol. IIT, pts. 7-8 ; and Series X1V, Vol. I, 

pt. 3, fasc. 5, 4° Calcutta, 1885-1886. 

GEOLOGICAL Survey or INp1A. 

‘ Records of the Geoiogical Survey of India. Vol. XIX, pt. 2. 8° Calcutta, 1886, 
GEOLoGicaL Survey or Inpia. 

‘5 Reports of the Archwological Survey of India. Vols. XXI—XXII. 8° Calcutta, 


1885. Homr DEPARTMENT. 

‘i Survey of India Department. Notes for February to April 1886, Flsc. Calcutta, 
1886. SuRVEY or Inpia. 
CaMBRIDGE.—Proceedings of the Cambridge Philosophical Society. Vol. V, pt. 5. 8° 
Cambridge, 1886. Tae Society. 

CaMBRIDGE, Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XII, Nos. 3-4. 
8° Cambridge, Mass., 1886. Tue Museum, 

i Memoirs of the American Academy of Arts and Sciences. Vol. XI, pt. 3, 

Nos, 2-3. 4° Cambridge, Mass., 1886. THE ACADEMY, 


Denra Dun.—Synopsis of the results of the operations of the Great Trigonometrical Survey 
of India. Vol. XIII A. 4° Dehra Dun, 1886. 
GrEat TRIGONOMETERICAL SURVEY OF INDIA. 


Dizon.—Mémoires de ]’Acudémie des Sciences, Arts, et Belles-Lettres de Dijon. 3° série, 


Tome VIII. 8° Dijon, 1885. THE AcaDEMY, 
DvusBiin.—Scieutific Proceedings of the Royal Dublin Society. New series, Vol. IV, pts. 7-9; 
and V, pts. 1-2. 8° Dublin, 1885-1886. Tue Socirry. 

. Scientific Transactions of the Royal Dublin Society. Series II, Vol. ITI, Nos. 7-10. 

4° Dublin, 1885. Tue Society. 


EpinsurGH.—Scottish Geographical Magazine. Vol. II, Nos. 3-6. 8° Edinburgh, 1886. 
Tue Scorrish GrocRargicaL Society. 
- Transactions of the Royal Scottish Society of Arte. Vol. XI, pt. 3. 8° 
Edinburgh, 1885. Tue Sociery. 
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HarrissurG.—Progress Reports of the 2nd Geological Survey of Pennsylvania. AA. 2nd 
report, pt. I; A.A. pt. I, Atlas; C,; and T;. 8° Harrisburg, 1885. 
SEconD GroLoGgicat SURVEY oF PENNSYLVANIA. 
5 Second Geological Survey of Pennsylvania. Grand Atlas. 
Division I, pt.1. 1886. 
9 iII,pts.1-2. 1884 and:18865. 
» AII, pt. 1. 1886. 
» LV, pt.1. 13865. 
» VW, pt.1. 1€85. Fol. Harrisburg, 1884-1885. 
Second GEoLoGicaL SURVEY OF PENNSYLVANIA. 
TlopaRtT.—Papers and Proceedings of the Royal Society of Tasmania for 1885. 8° Hobart, 
1886. THe Socrxry. 
InTEENATIONAL.—Bibliographie géologique et paléontologique de I’Italie par les soins du 
comité d’organisation du 2"° Congrés Géologique International & Bologne. 


8° Bologne, 1881. H. B. Mepticort. 
LAvUsANNE.—Bulletin de la Société Vaudoise des Sciences Naturelles. 37° série, Vol XXIJ, 
No. 93. 8° Lausanne, 1886. Tux Society. 


Litez.— Annales de la Société Géologique de Belgique. Tome XII. 8° Liége, 1884-1885. 
THE Socrery. 
Lisson.—Section des Travaux Géologiques de Portugal. Etude sur les Bilobites et autres 
fossiles des quartzites de la base du systéme silurique du Portugal. Par 

J. F.N. Delgado. 4° Lisbunne, 1886. 
GEoLoGiIcaL SuRVEY, PoRTUGAL. 
Lonpon.—British Museum (Natural History). Mineral Department. An introduction to 
the study of meteorites, with a list of the meteorites represented in the 


collection. 8° London, 1886. ; THE Britise MousEum. 
Catalogue of the fossil mammalia in the British Museum, (Natural History). 


Part III. By R. Lydekker. 8° London, 1886. Tux British Mussum. 
Journal of the Anthropological Institute of Great Britain and Ireland. Vol. 
: XV, No.4. 8° London, 1886. 
” Journal of the Chemical Society. Nos. 266-281. 8° London, 1885-1886. 
: F. R. Mater, 
Journal of the Iron and Steel Institute. No. II. 8° London, 1885. 
THE Institute. 
Journal of the Society of Arts.. Vol. XXXIV, Nos. 1738-1750. 8° London, 


” 
1886. Tue Socrery. 
» Mineralogical Magazine and Journal of the Mineralogical Society. Vvl. VI, 
No. 31. 8° London, 1886. 
- Proceedings of the Royal Geographical Society. New series, Vol. VIII, Nos. 
3-5. 8° London, 1886. Tue Socrry. 
re Proceedings of the Royal Institution of Great Britain. Vol. XI, No.79. With 
list of Members for 1885. 8° London, 1886. THE INstTITUTION. 
‘i Proceedings of the Royal Society of London. Vol. XXXIX, Nos. 240-241, and 
XL, No. 242. 8° London, 1885-1886, Tus Socrery. 
” Proceedings of the Zoological Society of London. Part IV, 1885. 8° London, 
1886. Tae Socrery. 
= Transactions of the Zoological Society of London. Vol. XI, pt. 11, and XI, pts. 
1-2. 4° London, 1885-1886. Tue Society. 


re Quarterly Journal of the Geological Society.. .-¥ol. XLIT, No. 165. 8° London, 
1886, Tus Socirery. 


PART 3.] Additions to the Library. 181 


Tties of Books. Donors. 
Maprip.—Boletin de la Sociedad Geografica de Madrid. Tome XX, Nos. 1-3. 8° Madrid, 
1886. i Tas Society. 
MancH¥sTEE.—Transactions of the Manchester Geological Society. Vol. XVIII, pts. 14-19. 
8° Manchester, 1886. Tus Socrrry. 
MELEovENE.—Report of the Mining Registrars for the quarter ending 31st December 1885. 
Fisc. Melbourne, 1886. Dert. oF Mings AND WaTER-SUPPLY. 
MowtreaL.—Proceedings and Transactions of the Royal Society of Canada. Vol. II. 4° 
Montreal, 1885. Tue Sacrery. 
Narpies.—Rendiconto dell’ Accademia delle Scienze Fisiche e Matematiche. Anno XXII to 
XXV, Nos. 1-3. 4° Napoli, 1883-1886. Tus ACADEMY. 
NEWCASTLE-ON-T¥NE.—Transactions of the North of England Institute of Mining and 
Mechanical Engineers. Vol. XXXV, pt. 2. 8° Newcastle-on-Tyne, 1886. 
Tne Insrirvre. 
Ortawa.—Summary report of the operations of the Geological and Natural History Survoy 
to 31st December 1885. 8° Ottawa, 1886. Tue Survey. 
Paxzis.—-Balletin de la Société de Géographie. 
1° série, Vol. III (1825)—-XX (1833). 
2™° série, Vol. I (1834) —XX (18-43). 
8™* série, Vol. I (1844)—XIV (1850). 
5™ série, Vol. VII—VIII (1864), X (1865), XIII (1867), XVIII 
(1869), XIX (June No. only), and XX (1870). 
6™° série, Vol. I (1871)—VI (1873), and VILI (1874)—XX (1880). 
7” série, Vol. I (1881)—V (1884). 8° Paris, 1825-1884. 
Tue Society. 
Compte Rendu des Séances de la Société de Géographie. 1882-1884, and Nos. 7- 


10 (1886). 8° Paris, 1882-1884 and 1886. Tux Socrery. 
» Recueil de voyages et de Mémoires publié par la Société de Géographie. Tome IT, 
IV, VI, VII, and VIIT. 4° Paris, 1825-1866. Toe Society. 
» Programme d'instructions aux navigateurs pour l'étude de la géographic physique 
dela Mer. 8° Paris, 1874. Tue Socizty. 
» Instructions générales aux voyageurs publiées par Ja Société de Géographie. 8° 
Paris, 1875. TE Society. 


Société de Géographie. Congrés International des Sciences Géographiques tenu a 
Paris du 1” au 11 Aout 1875. Compte Rendu des Séances. 2 Vols. 8° 


Paris, 1878-1880. Tue Society. 
» Société de Géographie. Liste provisoire de bibliographies géographiques spéciales. 
Par James Jackson. 8° Paris, 1881. Tnx Society. 


Fleuves de l’Amérique du Sud, 1877-1879. Par Jules Crevaux. 4° Paris, 1883. 
Tue Socrrry. 
Notice sur la Société de Géographie, fondée en 1821, reconnue d’utilité publique en 


99 


1827. 8° Paris, 1886. Tre Soorety. 

» Bulletin de la Société Géologique de France. 3™° série, Tome XIV, Nos. 2-4, 
8° Paris, 1886. Toe Socrery. 
PHILADELPHIA.—vJournal of the Franklin Institute. 3rd series, Vol. XCI, Nos. 3.5, 8° 
Philadelphia, 1886. THE InsTITUTE. 

Pa Proceedings of the Academy of Natural Sciences. Part HII, 1885. 8° 
Philadelphia, 1886, Tue Acapemy. 


Proceedings of the American Philosophical Society. Vol, XXIII, No. 121. 
8° Philadelphia, 1886, THE Socizry. 
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Titles of Books. Donors. 
Prsa.—Atti della Societa Toscana di Scienze Naturali. Processi Verbali. Vol. V, pp. 43-58. 
8° Pisa, 1886. : Tue Sociery. 


Romr.—Memorie descrittive della Carta geologica d'Italia. Vol. II. 8° Roma, 1886. 
Tax CoMMISSION. 
St. Peterspure.—Beitrige zur kenntniss des Russischen Reiches und der angrenzenden 
Linder Asiens. Band VIII. 8° St. Petersbourg, 1885. 
ImprrraL ACADEMY, ST. PETERSBURG. 


9 Bulletin de l’Académie Impériale des Sciences de St. Pétersbourg. Tome 

XXX, No.2. 4° St. Pétersburg, 1885. THE ACADEMY. 

- Mémoires de l’Académie Impériale des Sciences. Tome XXXII, Nos. 14- 
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Note on the occurrence of petroleum in India, by H. B. Meputicorr, Geological 
Survey of India. (With two plates.) 


INTRODUCTORY. 


There is very little indeed to be added to what has been already published 
upon this subject; but occasion demands that it should be noticed in connected 
form and under the hght that has within the last few years been generated by 
experience in other regions. From the nature of the case this note will be chictly 
made up with illustrations from abroad, as a clue to what may be looked for in 
India. The extension of railways on all sides has brought up a vote of urgency 
on the question of fuel, and our masters (through the press) are asking, ‘What is 
the Geological Survey about?’ The answer to this question has been within easy 
reach of those who chose to seek for it in the publications of the Survey. Years 
ago the little that can be learned from surface examination regarding the habitat 
of petroleum in India—in Upper Burma, Pegn, Arakan, Assam, and the Punjab— 
had been set forth, and until the fulness of time there would have been no use in 
repeating it. Itis the practice of British Government at home to leave everything 
as far as possible to private enterprise, and it is not rightly understood that a 
total change of environment requires a change of system. The Survoy is not 
equipped for or expected to carry out experiments, and without these on a more or 
less extended scale there was nothing further to be said upon the local conditions 
of petroleum. Now, however, thanks to our Russian friends, things have improved : 
the great extension of railways in North-western India and the scarcity of fuel 
there, have led to official investigations as to the hidden resources of that all- 
important material. 

2. Already some success has been achieved in that direction, through the 
determination of Sir Theodore Hope, the Public Works Member of Council, to 
test the often-condemned coal of the Salt-range. Those nummulitic coal-measures 
had been repeatedly described and reported on, anu provisionally pronounced to 
be unprofitable. They are well exposed throughout an immense stretch of 
country from north of Jamu in the Sub-Himalayas, through the Salt-range 
and the Suliman range into Sind. The strongest outcrop has been observed in the 
Jamu hills, far inside the fringing Siwaliks, but in that ground the measures are 
terribly broken and crushed. In the Salt-range they are of average d2velopment 
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and somewhat favourably placed for working. To the south they still further 
deteriorate, as seen at the well-known outcrops of Mach, in the Bolan pass, and of 
Lynyan in Sind. Other outcrops occur well to the north of the Salt-range, 
south of Attock in the Chita Pahar hills, where some money was lately wasted on 
exploration. In all these exposures, on very different strikes, the seam exhibits 
the same feeble development, which is certainly strange considering the very wide 
range of the coal-forming conditions here at that time; but from the abundant 
observations it was evident that no hope could be given of its improvement in 
any direction. The recent exploration in the Salt-range has not affected that 
judgment. As was to be expected, it has been proved by borings that the coal, 
such as it is, occurs under a considerable area in the Dandot plateau, easily 
accessible by drifts, so as to be economically workable under present conditions. 
A large consumption of imported coal at 3£ a ton would bring any sort of local 
supply into requisition. The best prospect, though not a very hopeful one, of a 
permanent supply of coal in this region lies in Mr. Oldham’s recent announce- 
ment of the possibility of a field of Gondwana measures in Kastern Rajputana. 

3. The same need has brought the petroleum question to the front, and the 
Government heve begun explorations where the demand is most urgent, and with 
fair preliminary success. It is right to mention that this matter has not been 
neglected in the past: it was taken up seriously nearly twenty years ago, and an 
‘expert’ was imported from America to examine the oil-bearing rocks of the 
Punjab. His reports were published in 1869-70; they were not encouraging, so 
the enquiry dropped. That mishap was to some extent due to the popular con- 
fusion on the genus ‘expert’; and under present arrangements our rulers are of 
course only magnified representatives of popular notions. Operative (practical) 
functions are almost invariably connoted by the word ‘expert’; and it would 
be well if the term could be confined to that sense, for though there is no essen- 
tial reason why the scientific specialist should not be called an expert, there are 
marked distinctions between the two species, and the confusion of them is often 
fatal. When a man has to be hanged it is important that an expert should 
operate; but it would be a mistake to consult the hangman upon a puzzle in 
criminal law. Yet in matters mineral this error is continually committed by 
business men as well as by those who ought, at least through faith, to know better. 
The illustration from the course of law does not even sufficiently mark this 
blunder in mineral concerns ; for here the defect is not only negative but positive— 
the man whose skill has been acquired in dealing with one group of conditions is 
actually led astray thereby in giving an opinion upon other conditions, his 
knowledge being solely empirical. Mr. Lyman’s judgments seemed unduly 
cautious, or even partly erroneous, as I had occasion to point out three years ago 
when consulted in the matter. There is, however, much excuse for anything 
that may have been said or not said even sixteen years ago on this subject, for 
although the petroleum business was then in full swing, the information derivable 
from such hasty experience had not been brought together. Even now the guid- 
ance to be obtained is most precarious; but the reason of it lies in the protean 


1 See Supplement to the Gaxetie of India, October 20, 18838, p.1717. There is a misprint on 
the tenth line: for Aoles read bede. 
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character of petroleum itself. A little consideration of familiar facts will satisfy 
the incredulous that this excuse is not a professional subterfuge. 

4. In these days of graphic papers, every one is familiar with the wonderful 
performances of the spouting wells of Baku and Pennsylvania. They form the 
popular standard of what a petroleum well ought to be. This is unfortunate ; 
but a very little reflection on the fact thus plainly displayed ought to furnish the 
needful antidote to that hasty inference, and lead to a rational conception of 
what must be the variable and inscrutable distribution of petroleum. It needs 
no argument to show that a light and slippery fluid, which gushes ont at the 
surface under a pressure of 300—400 pounds to the square inch as soon as tapped 
by a bore hole, would certainly not have stayed where it was if it could possibly 
have escaped, and that it would infallibly distribute itself under ground according 
to the access afforded by the permeability of the surrounding rocks. That 
pressure is not hydrostatic, as in artesian springs, communicated from a higher 
level within the same closed basin: it is elastic pressure, due to the expansive force 
of the gases that are always generated with the oil, so it is self-acting, independ- 
ently of any structural arrangement of the enclosing rocks, although it is, as we 
shall see, controlled in many important ways by that structure. 

5. Any useful knowledge we can have of mineral deposits depends on what 
we can discover as to the conditions of their origin and history, and for all minerals 
more or less of such knowledge can be attained ; for petroleam, however, this 
knowledge is of little avail, because owing to its mobility it does not abide in 
its birth-place, but slips about in the most insinuating way wherever it gets a 
chance. It is something to know that there is a dominating effort to ascend ; 
though of course, when the upward passage is barred, the oil would penctrate 
sideways or downwards under the elastic pressure of the gases which always 
accompany it. It would be easy to follow out these a priori considerations in connec- 
tion with the familiar facts of stratigraphy, but the application will be better 
exhibited in actual examples. 


NATURE AND ORIGIN or PETROLEUM. 


6. A real acquaintance with petroleum would require initiation into the 
mysteries of organic chemistry, for it is as protean in its composition as in 
its modes of manifestation ; but it is desirable to have some notion of the substance 
under discussion. Homogeneous as it seems, petroleum is made up of an indefi- 
nite number of distinct compounds of carbon and hydrogen, or hydrocarbons; 
they are gaseous, liquid, or solid, and seem to co-exist in the crude material, for 
they are separable from it, without what is understood as decomposition, by careful 
fractional distillation and by treatment with appropriate solvents. The most im- 
portant of these series of compounds are the saturated hydrocarbons known under 
the family name of the paraffins, represented by the general formula C, H.,4, It 
begins with marsh-gas, C H,, in which n—1; descending, by the gradual increase 
of the carbon, with a corresponding increase of density, to the solid forms, the 
paraffins proper. Molecular science has scarcely yet mastered (or at least sim- 
plified) the intricacies of these compounds : within the several series theve are nu- 
merous isomeric forms, 1.¢., distinct substances whose empirical formule are identi- 
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cal, also polymeric bodies whose formule are integer multiples of the same pri- 
mitive group. The volatile (inflammable) properties naturally increase with 
the proportion of hydrogen; but itis evident that specific gravity would be no 
safe guide on this point in a mixed oil, for its inflammability might be determined 
by the presence of a very small proportion of a lighter oil. Bitumen is the name 
in most general use for this whole class of substances. The solid forms are dis- 
tinguishable from coal or other like matter by being fusible, and by their complete 
solubility in bi-sulphide of carbon. As occurring in nature the solid forms are 
called asphalt, while the more fluid forms of petroleum are distinguished as naphtha, 
and the more viscid, tarry kinds as maltha. The manufactured products have a like 
classification : there are the naphthas, principally used as solvents ; the less volatile 
distillates are the burning oils; the thicker kinds are much used as lubricating 
oils; theresidual solids are paraffin, naphthalene, anthracene, &c. Petroleums differ 
much in the proportions they yield of those different products; e.g. the California 
bitumen contains no paraffin, it also holds a small proportion of nitrogen ; both 
facts have suggested the probable derivation of that petroleum from animal matter. 
7. It is also desirable to know something of the supposed origin of the bitu- 
mens ; and the questions are, whether or to what extent they are connate, or innate, 
or introduced, in the situations where they are found. They would seem primd 
facie to be allied to coal: yet the essential dissimilarity of the two is what opens 
the door of speculation regarding petroleum. We commonly speak of ‘bituminous 
coal’ ; but it is incorrect, as coals contain little or no bitumen, although bitumen 
can be obtained from them by destructive distillation, leaving a large residue of 
coke. The production of these oils in this way from shaly coal (unfit for furnace 
use) and from coaly shales, or ‘ oil-shales,’ formed a very extensive industry before 
the petroleum discoveries set in, and it is still flourishing : the production last year 
in Scotland alone amounted to 62,712,000 gallons of crude oil. The origin of 
coal may be said to be completely known: by the slow transformation in situ of 
vegetable matter through the slow combustion of its less stable elements, producing 
a constant concentration of fixed carbon, with less and less of hydrogen and oxygen. 
It is found in every stage of transition from turf and carbonized wood down to 
anthracite, in which only the carbon remains. This process is completely natural 
and intelligible, and the puzzle is how in the case of petroleum, if it hadan analo- 
gous origin from organic matter, the exactly opposite result—a concentration of 
the hydrogen element—can have been brought about, for the two are commonly 
quite similarly located and not seldom associated in the same series of strata. 
The contrast is exhibited by a comparison of their composition with that of 
cellulose, which is the basis of vegetable tissue— 


Carbon. Hydrogen. Oxygen. 
Cellulose ‘ ‘ Z : ‘ 44°4 62 49°4 
Ordinary coal . ; ‘ : , 846 56 80 


Petroleum ; ; . : ‘ 85°0 15-0 
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8. This difficulty seemed so forcible that the connection of petroleum with 
organic remains has been denied and its origin as truly a mineral oil assorted. 
In 1862, the distinguished French chemist Berthelot succeeded in producing several 
of the familiar hydrocarbons by various processes, such as by bringing stoam and 
carbonic acid into contact with highly heated metals having a strong atlinity 
for oxygen. Conditions of this sort being reasonably assumable as oceurring at 
great depths underground the possibilities of the theory were furnished, and it 
was strenuously sustained in the field by an able geologist, M. Coquand, from 
his study of the petroleum deposits in Roumania and Albania.! As against an 
organic origin he considers it final that no residual carbon is found with or near 
the petroleum; but while attributing the oil to a wholly independent source he 
insisted upon its contemporaneity with the deposits in which it is now found; ho 
asserted that in all times, as now, petroleum found its way to the surfaco and 
there necessarily mingled with whatever deposits were being formed in the noigh- 
bourhood of its discharge. Under this view the oil would be in a half sense 
connate with the beds containing it, although provided ready made from a 
remote source. This is more or less plausible; and in tho famous bitumen depo- 
sits in pliocene gravels at Selenitza in Albania, whore the mineral has boon ex- 
tracted for many centuries, he seems to prove a deposit of this nature, such as 
might now be formed at the Pitch Lake of Trinidad, or elsewhere; but he insists 
on the same process for the petroleum of Roumania, where the oil occurs in two 
zones of stiff blue clay of eocene and miocenc ages. The contemporanvity of tho 
oil (or its elements) with the deposits seems undeniable, for although the rocks are 
much disturbed the oil keeps constant to the same beds, and it is hardly possible 
that it could have been injected into stiff clays after their consolidation ; but it doos 
not occur to him to explain how, under this theory, a comparatively light fluid was 
not floated away by the depositing waters. This objection however recurs, though 
in a less degree, for any theory of contemporaneous deposition. M. Coquand had 
a block of the fresh clay brought up from the pit for examination, and he found 
that the oi) was not diffused through the mass, but distributed in little patches with 
thread-like connections. 

9. The difficulty of petroleum being innate (by metamorphism), like coal, 
from organic remains in the beds where it is found, is equally admitted by those 
who deny its purely mineral origin: the apparently necessary residuum of car- 
bon cannot be spirited away by theory. A considerable step in the coal-forming 
process is made in the decaying vegetation as it accumulates under more or less free 
access of air; a further great step is accomplished under a comparatively light 
covering of later deposits, and there is no stretch of imagination in supposing 
that gradual increase of pressure and temperature can accomplish the rest, the 
escape of volatile elements being all that is needed; but no plausible conjecture 
has been made for the removal of the surplus carbon or for its conversion by the 
access of free hydrogen, to form petroleum out of the same elements as coal; it 
has therefore been urged that this substance is connate, not innate. An appa- 
rently plausible conjecture on this side is, that petroleum is derived from marine 


' Bull. Soc. Géol. de France, (3) Vol. XXIV, (1866-67), pp. 505 569; and Vol. XXV 
(1867-68), pp. 20—74. 
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vegetation, as coal is exclusively from land plants; and that the slow maceration 
it is subjected to during deposition under water may produce the required result. 
This view was well put forward by Mr. Leo Lesquereux in 1866.1 He remarks 
that Alge thrown upon peat do not leave any trace of organism, but the result- 
ing compound is softer and of deeper colour; that Algse: heaped upon the shore 
promptly decompose into a soft black paste and then into a glutinous finid which 
sinks into the sand; he even appeals to the green fat of turtles as derived from 
a diet of Algw. He also refers to the frequent occurrence of petroleum in strata 
with fucoidal impressions. He regrets that Liebig was unable to supply him 
with any hints upon the chemistry of the process. Dr. Sterry Hunt, who is espe- 
cially an authority on the chemical side, adopts this view in a general way.* He 
admits that the origin of petroleum may be referred to a particular transformation 
of organic matter effected in deep water where calcareous deposition is in progress, 
while similar matter in shallow waters loses a larger proportion of its hydrogen 
and forms coaly deposits (pyroschists). He alludes to the great bank of Sargas- 
sum in the Mid-Atlantic as a probable seat of such production. 

10. It is true that Mr. G. P. Wall,* from his examination of the bitumen 
deposits of Trinidad, of which the famous Pitch Lake is but a waste-pool, 
satisfied himself that the asphalt is innate, being formed from the remains of 
terrestrial vegetation in the shaly sand where it occurs. He attributes its accumu- 
lation as irregular masses in the bedding, and the consequent loose texture of the 
shales, to the segregation that took place after the conversion of the diffused 
matter into bitumen. To account for his opinion heaccepts as actual Bishoff’s 
formule * showing how by giving off carbonic acid instead of carburetted hydro- 
gen fossil wood might turn into bitumen instead of into coal; but there is some- 
thing to be desired in his demonstration that such was thecase. The evidence that 
has been principally quoted is Mr. Criiger’s admirable study of some specimens of 
wood more or less changed into bitumen, but Mr. Wall does not show how far 
these were representative of the deposit, or that all the specimens may not have 
been what Mr. Criiger (J.c., p. 175) says some of them were, simply “rotten 
wood impregnated with pitch.” There are lignites associated in the same upper 
tertiary deposits with this asphalt. 

11. There remains the question whether petroleum may not be an interloper 
in its present locations. That it 1s so in some cases is beyond question, for it is 
found in force filling fissures in eruptive and crystalline rocks; and it goes 
without saying that since it reaches the surface it may (or must) take possession 
of any convenient receptacle it comes across in its ascent. This theory has thus 
a certainty to start with ; and we shall see that it is as good as proven that the 
greatest known sources of petroleum were formed in this way—that the oil was 
not indigenous but introduced where now found. The question of origin remains 
open : whether by direct synthesis from mineral elements, or by distillation from 
fossil organisms ; the conditions of distribution would be to some extent the same 


? Transactions of the American Philosophical Society, Vol. XII, (N. 8.), pp. 318—328. 

2 Bull. Soc. Géol. de France, (2) Vol. XXIV, p. 572 (1867). 

3 Report on the Geology of Trinidad : Memoirs of the Geological Survey (Colonies), 1860. 
* Chemical and Physical Geology, Vol. I, pp. 281-88, (1854). 
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in either case. The distillate theory has been rather unfairly handled, the 
chief bone of contention being again the irrepressible carbon residuum. Because 
coal and pyroschists are found in their normal state in close proximity with 
petroleum, because the residual carbon is not found with or close by the oil, the 
possibility of derivation by distillation is denied. Or again, because all tho rocks 
below a petroleum bed are not smudged with oil, the possibility of its having 
come from below is rejected. This latter difficulty is the least reasonable, as it 
assumes that the distillate would take the most difficult route to reach its destina- 
tion, namely the direct one, across thy bedding of the intervening rocks, Under- 
ground water does not percolate in this fashion, and why should petroleum, 
whether as liquid or as vapour? In the latter case too it seems clear that it 
would not be precipitated until it found its appropriate condenser, and there 
seems no limit to the circuit or the distance it micht have to travel before reach- 
ing that resting-place. Then as regards the great crux, it should be romombered 
that there are immense stores of residual carbon in the older stratified formations, 
whether in the state of anthracite or of graphite, both massive and diffused. It 
can hardly be demanded that it should appear in the form of coke: it seems prosum- 
able that after all the oxygen of coaly or other organic matter had been climinated, 
the final step in the production of anthracite or graphite, under the influcnce of 
gentle heat, would be the evolution of hydrocarbons. It has moreover heen sug- 
gested that for marine animals and plants, which togethor supply no doubt the 
chief bulk of fossil remains, the proportion of carbon to be accounted for is much 
less than in the land vegetation forming the basis of coal. It is to somo such 
action as this that Mr. Carll appeals as the origin of the great oil deposits of 
Pennsylvania which he well nigh demonstrates not to be indigenous (cither innate 
or connate) in the deposits where it accumulated. As an objection to making this 
process universal, if so foolish an attempt were made, one might urge the imper- 
meability of some rocks in which petroleum is found, such as the stiff clays of 
Roumania already referred to, or the occurrence of oil in the cavities of fossils in 
the midst of a dense limestone. Both these instances have reasonably boon 
taken as evidence of indigenous origin; but indeed, when we find geodes filled with 
successive layers of minerals in the midst of compact basalt it is difficult to place 
limits upon the possibilities of permeation. 

12. The foregoing notice of the current speculations regarding the origin of 
petroleum should be of some service, if only to explain the uncertainty that must 
exist as to its distribution in any particular locality. With so ample a store of 
raw material as is provided by fossil remains in the prodigious accumulations of 
stratified rocks ; also, with the agency of conversion, by slow increase of pressure 
and temperature, provided in the changes to which those rocks are in every degree 
subjected, there is no excuse for appealing to the more or less occult resources 
of the earth’s inner laboratory, so this view of the origin of petroleum as a ‘ mineral 
oil’ has been generally abandoned, though it might be rash to assert that no 
such phenomenon ever took place, The fact that in its most prolific deposits the 
oil is not indigenous is the most salient result of past experience; but it is 
fully accepted that in some deposits it is so, and such is evidently a corollary of 
the approved mode of origin: the compulsion to leave its birth-place would be an 
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extra exercise of the conditions that brought about its formation ; in many cases 
it would only be the surplus product that would have to find accommodation 
elsewhere, 


Tur PENNSYLVANIA OIL REGION. 


13. The most extensive and most productive petroleum region as yet worked 
is that stretching as a long belt from Canada into Tennessee west of the Appala- 
chian mountains in eastern North America. The total area of this region is estim- 
ated at 200,000 square miles. The great series of palwozoic formations, which have 
been crumpled up to form the mountain range, are practically undisturbed in the 
oil region, having only a gently undulating inclination, averaging 25 feet in the 
mile, in a south-westerly direction. In 1885 the yield of oil from this region was 
21,600,000 barrels (of 42 gallons each), from 20,000 more or less productive wells. 
The richest fields occur in Western Pennsylvania, and a full description of them, 
by Mr. J. F. Carll, was issued by the Geological Survey of Pennsylvania in 1880. 
The section in figure 1 of the annexed plate I is reduced from one given in that 
work. It represents a distance of 225 miles. The vertical scale is 20 times that 
of the horizontal scale, so that the apparent dip of the strata is much exaggerated. 
The accumulated thickness of the formations amounts to 6,400 feet, extending from 
the upper coal-measures in the south-west down to the corniferous-limestone (bottom 
devonian), which forms the Black Rock outcropping in the Niagara river just below 
Lake Erie. In Canada this rock passes again underground and is the principal 
source of the Canadian petroleum; but oil is found at a much lower horizon, in 
the Trenton-limestone (lower silurian), where there is no underlying fossiliferous 
rock—a fact insisted on by Dr. Sterry Hunt as proving that the oil must be indi- 
genous in this limestone. In the same contention this authority also shows that 
the Niagara-limestone (upper silurian) of Chicago at its outcrop still holds 4°25 
per cent. of oil diffused in its substance. 

14. Four principal oil groups are represented in the section, within a thickness 
of about 4,500 feet of strata, from the Bradford-sand in the north-east to the 
Mahoning-sand in the south-west. There are several other productive bands of 
less importance. The groups of strata in which these oil beds occur are more or less 
continuous over very large areas, the productive oil beds in each being much more 
restricted. In all cases these beds are sands and gravels, the output of the field 
being proportional to the porosity, thickness, and extent of the ‘oil-sand.’ These 
are very variable and irregular elements, as is always the case with coarse depo- 
sits, The thickness of an oil-sand has been found to range up to 120 feet. Owing 
to the innumerable borings that have been made, perhaps most of them without 
saccess,! the horizontal distribution of the several oil-sands has been very closely 
fixed ; they mostly have an elongated shape, as is the habit with sand banks- 
The Bradford field covers about 133 square miles. In every case the oil-sands are 
overlaid by fine impervious shales. Throughout the greater part of the oil region 
there was little or no surface indication of the occurrence of oil in the ground, 
though, of course, such did appear at or near the outcrop of the oil-rocks. The 


1 Amongst these was the deepest well yet sunk in that region—-Wateon’s Well, at Titusville, 
3,553 feet deep, of which 2,263 were below ocean level. 
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most productive sources were, as might be expected, at a distance from where a 
natural escape had been effected. 

15. From the facts before us it is plain that the distribution of the petrolenm 
in this region has very little to say to geological horizons in their particular 
(chronological) sense; but Mr, Carll notices an apparently important feature in 
its vertical distribution. He remarks that all the productive measures occur 
within a level zone of 1,500 feet; that although a large number of deep holes have 
been put down none have produced oil at a depth of more than 500 feet below 
ocean level, and very rarely at more than 2,000 feet from the surface! Gas on 
the contrary appears here to be a universal product, confined to no particular 
horizon or locality (J. c.,p. 111). These facts primd facie suggest that the posi- 
tion of the oil was determined by a zone of condensation and of catchment of 
volatile products distilled from underlying rocks. The particular conditions 
would agree with this interpretation: coarse sand banks are the least’ propitious 
ground for the accumulation of organic matter, while such matter is known to be 
present abundantly in the shaly and calcareous strata underlying these oil- measures 
to a great depth. The notion that the oil occurs in crevices and cavities has not 
been confirmed by observation in this field; the porosity of the sands themselves 
is sufficient. Mr. Carll is careful not to propound these observations ag of uni- 
versal application, and it is obvious to the geologist how certain conditions 
might alter the figures of the problem, but it is certain that tho results are tho 
most important contribution as yet made to the question in hand. It ia now 
generally accepted as proven that for the most part the petroleum with which tho 
‘pools’ of the eastern North American basin were so copiously charged, was not 
indigenous in those ‘ oil-sands.’ 

16. It is of greater importance for us to notice how essentially the wealth of 
these o1l1 measures depends as much upon their actual as upon their original strati- 
graphical conditions—on the fact that the strata are still practically undisturbed. 
The formation of these pools depended upon the prior formation of the more or 
less isolated lenticular banks of sand and pebbles, and upon these being more or 
less hermetically covered by finer deposits; but the preservation of them de- 

nmded no less upon that favourable arrangement being undisturbed. The per- 
meability of strata 1s incomparably more easy along than across the bedding; an 
almost imperceptible film of finer deposit might exercise a very important con- 
trol upon the circulation of fluids underground. It is evident that when strata 
become tilted and broken, the conditions of circulation are wholly altered ; porous 
beds that before were lying flat, and safely covered over, become turned up and 
brought within easier reach of denudation, whereby they expose outcrops at the 
surface ; or cracks are more or less abundantly formed, offering egress where be- 
fore there was none. A fluid under elastic pressure must avail itself of such 
means of escape from its original prison-house. These conditions have been fully 
recognised in practice: in a paper read before the American Institution of Mining 

1 Mr. Carll (2. c., p. 151) further emphasizes the fact that two oil groups are never found in 
the same vertical: the Warren group has never been found directly beneath the Venango group, nor 
the Bradford oil-sand directly beneath the Warren group. It is not quiteclear whether only the 


oil is wanting, or aleo the sand beds: as only the former case would be ‘remarkable ’ in this connec- 
tion it is presumed that this is intended, 
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Engineers in September 1885, Mr. C. A. Ashburner, Geologist in charge of the 
Pennsylvania Survey, remarks—‘“ That the absence of both petroleum and 
natural gas in our plicated strata east of the oil-regions is to be explained by the 
cracking of the rocks would seem to be evident, since the survey of the outcrop- 
ping rocks and a study of the records of dry wells show that the oil- and gas-sands 
extend far beyond the limits of the area of the region in which any traces of oil 
or gas have ever been found. Even within the area where oil and gas-wells 
have been found the cracking or jointing of the rocks must have a potent in- 
fluence upon the amount of oil or gas obtained in certain localities.”’ 

17. Very partial disturbance, such as these measures have undergone, may 
even help the concentration of the oil, which would naturally rise to the highest 
part of a bed that had undergone slight tilting or curvation. Hence the craze 
that so long prevailed regarding a connection of oil with anticlinal axes. To a 
certain point it is true enough ; but on the other hand an anticlinal axis is the 
most likely position for fractures, and even were the rocks not broken this position 
is obviously the one to be soonest exhausted. 

18. Although the immense energy displayed in developing the industry of the 
oil fields under notice has given us data for a fair understanding of their structure 
and extent, it is lamentable that some check was not put upon the prodigious waste 
of those great natural and national resources through the reckless competition of 
greedy adventurers. Forests are protected, although renewable ; but in mineral re- 
sources, which are limited quantities, it is among men and nations a race of ‘ devil 
take the hindmost’ in squandering all that can be laid hold of, heedless of the waste 
caused by the scramble, The most prolific of gushing wells ere long settle into 
pumping wells; the average life of wells in Pennsylvania is five years. Already 
there is notice of coming exhaustion in this great region : last year on the occasion 
already quoted, Mr. Ashburner remarked—‘ That the general boundaries of the oil 
regions of Pennsylvania are now well established, there is but little doubt; and 
that all the sand in which oil will ever be found in paying quantities are known 
and have been drilled through at different localities in the oil-regions seems quite 
certain, so that we can have no reasonable expectation that any new and exten- 
sive field will be found which could compare in area or in the amount of oil to be 
obtained from it with the Butler, Clarion, and Armstrong pool, the Oil City and 
Pleasantville pool, the great Bradford pool or the Allegany pool * * * It is 
estimated that in July 1883 there were in the region 17,000 producing wells, the 
average daily product of which was 3°8 barrels. In July 1884, there were 21,844 
producing wells, and the average daily product was 3 barrels; and in July of 
this year [1885] it is estimated that there were 22,524 producing wells, the 
average daily product being 2°5 barrels, A defined territory, a product in- 
adequate to meet the demand of the market for the past eighteen months, a 
growing market and rapidly diminishing stocks, an increasing number of drilling 
and producing wells, and a rapidly falling daily average product from wells, are 
all significant signs of a certain decline in a great industry.” 

Baku. 


19. The only known petroleum region at all comparable as to productiveness 
with the great American basin is that of Baku, where the range of the Caucasus 
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ends at the Caspian sea in the peninsula of Apsheron. It will be instructive 
to seo in what other features these unparalleled oil measures are alike. Tho 
geological information regarding the Baku ground is comparatively scanty, 
because, notwithstanding the prodigious output of oil, the workings are stil] 
limited within an area of five square miles. The wells too are of very 
moderate depth, the deepest as yet being only 840 feet. This would seem to 
warrant the judgment that this spot can only be the natural focus of a very ex- 
tensive oil region. In geological age the two measures are about as different as 
they could be, the American rocks being lower palwozoic, while those of Baku are 
middle tertiary; but we have already seen that the geological horizon has little 
to say in the matter. The rocks too are quite dissimilar, beyond the common 
characters that clays, sands, and limestones of every age must exhibit. The oil at 
Baku is held in irregular banks of sand between strong beds of clay, with 
some limestone. The critical feature of resemblance is that at Baku also 
the measures are nearly horizontal, and there can be no doubt that tho profuse 
abundance of the supply is immediately duc to this condition, and that the oil in 
these sands is accumulated from underlying or adjacent rocks. The strata, so far as 
visible at the surface, are remarkably wanting in organic remains. In figure 2 I have 
reproduced Abich’s section of the Apsheron peninsula at the oil wells, from 
which it is plain that these are situated at the crest of a very flat anticlinal. 
The section is copied from the Mémoires de ]’Académie des Sciences de Saint- 
Pétersbourg, Ser. vii, Vol. vi, of 1863, but it is quoted up to date as the 
authority, for which Abich’s name is sufficient guarantee. The present (1885) 
annual output at Baku is given as 1,000,000 tons; the 100 wells now active 
yielding an average of about 32 tons perday. Asingle well has given as much as 
140 tons a day for ten years, the oil standing at 51 fect from tho surface; it 
ultimately failed altogether. Here too incipient local exhaustion has been 
noticed ; in a paper in the Mining Journal of St. Petersburg for September 1885 
Mr. F. Vasilieff mentions a marked increase in the proportion of water admix- 
ture,* indicating exhaustion of the oil; but in this region it would scem likely 
that there is ample room for extension. 


CoMPARISONS. 


20. In every other description I can find of petroleum diggings all over the 
world, so far as intelligible, they differ from the two leading cases already given, 
in the circumstance that the strata are much disturbed. 

21. The further exploration of the Punjab oil measures has recently been 
vigorously urged upon the Government by a distinguished officer, who has been 
ten times at Baku and made a special study of the petroleum workings there, 
and who has also examined the Punjab oil measures. His recommendations are 
based upon the striking similarity of the two fields. He observes that “unless 
a geologist or expert had actually visited the petroleum wells at Baku, I should 
not value his opinion for the reasons that I perceive a striking resemblance 


3 Vasilieff : September 1885. 


3 As this water is probably flooding water (from above), the symptom is not so bad as it 
might otherwise be, 
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between the conntry and soil near Gunda and that which forms the Aspheron 
peninsula.” To illustrate this remarkable observation I have reproduced in 
figure 3 Mr. Wynne’s section of the Punjab area, from Vol. X (1877) of the 
Records of the Geological Survey. It crosses the very place mentioned (Gunda) 
at a short distance north of Fatehjang; the oil occurs in the nummulitic 
strata, numbered 5 and 6. A comparison of this section with those of figures 1 
and 2 will scarcely bear out the ‘striking resemblance’ asserted in the quotation 
Just given: the oil measures of the Punjab are about as much disturbed as rocks 
can be, which fully accounts for the state in which we find the oil; for ages it 
has had free vent at the surface, the only check being the porosity of the con- 
taining strata. If the example quoted from Mr. Ashburner of the American oil 
measures as represented in the flanks of the Appalachians, were to be hastily 
taken as a precedent, there would be little hope for the Punjab oil; but the cases 
are not quite parallel, and with petroleum no precedent would be safe. Besides 
we have here the crucial fact that there is still oil in the ground, notwithstanding 
the exhausting conditions of the Punjab climate. But any prospect of even a 
distant approach to the Baku standard must, I think, be given up. All the 
Indian oil measures are in about the same geological horizon (eocene) and in much 
the same condition as to disturbance, the Irawadi region least so; but they vary 
greatly in apparent fruitfulness, the Punjab region being decidedly the least 
‘promising. 
CALIFORNIAN REGION. 

22. I have searched all the accounts I could find of the occurrence of petro- 
leum in disturbed measures, for any hints that might be of service in exploring 
our Indian rocks, but with very little success. This is not surprising when un- 
certainty in every condition is the rnle. Such works are moreover incomparably 
less extensive in every way—in area, in the number and depth of the workings— 
and have consequently received less attention. In America the next most im- 
portant measures, but far inferior, to those of the Appalachian basin are found in 
the tertiary rocks of the coast ranges on the Pacific, chiefly in California. In- 
formation on this ground is very scanty. Even in the elaborate report on petro- 
leum, drawn up by order of Congress for the tenth census of the United States 
in 1882, Mr. S. F. Peckham mentions the extensive operations of the Pacific 
Coast Oil Company, but regrets that he was unable to obtain any particulars in 
reference to the production of their wells. He has to refer to results in that 
region generally as confirming the opinion he had expressed after his exploration 
there in 1866, that “the expectation of extraordinary results, that will admit 
of comparison with those produced in Pennsylvania, must be set aside. The 
expectation of & fair return and a permanently profitable investment may be 
reasonably entertained; and the application of capital on this basis to this 
interest will make it of great importance to the State.’”” The measures seem to lie 
chiefly in mountainous ground, in very disturbed rocks. There are frequent 
deposits of asphalt and of maltha at the surface from the evaporation of exaded 
petroleum. Even underground this effect is observed, and to be in direct propor- 
tion to the ease with which rain-water could percolate the strata. The oil pri- 
marily occurs in strata of shale, interstratified with sandstones of enormous thick- 
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ness. Mr, Peckham mentions that he “ nowhere observed the petroleum saturating 
the sandstone, although it sometimes escaped from crevices in it; nor was the 
bitumen held in crevices of large size nor under a high pressure of gas, as the 
disturbed and broken condition of the strata, folded at very high angles, pre- 
cluded such a possibility.” He considers the oil to be indigenous (innate) in 
the shales. In hilly ground, and in such rocks, the oil is often got at by tunnels, 
or drifts, for which practice a synclinal structure of the strata in the range is 
obviously the most propitious. The exploitation of this oil region is at present 
evidently held in abeyance by the profuse output of the eastern region; still 
Mr. Peckham estimates the yield for the census year at about 1,000,000 gallons. 


EUROPE. 

23. The most productive oil-ground in Europe seems to be along the flanks of 
the Carpathians—in Galicia, Roumania (Moldavia and Wallachia), and Transyl- 
vania (Siebenburgen)—where of course it has received due doctorial attention. 
Mr. Redwood! notes the production of crude petroleum in Galicia for 1883 as 
follows :— 


Cwt. 
West Galicia— 
1. Sandez and Worlice ; , : ; - 91,600 
2. Jaslo and Sanok . . ‘ ‘ , . 44,900 
East Galicia— 
3. Sambor and Drohobyez . : : ‘ . 73,600 
4. Kolomea ° : j : , : - 300,000 
410,000 


There were then 3,500 producing wells. The third district produced in addition 
105,200 cwt. of ozokerit (crude paraffin wax). The most productive ground 
of the Kolomea district was not opened until 1881, and at the end of 1883 it was 
reported to be yielding 550 barrels of oil per day within an arca of 1,500 metres 
in length and 350 to 500 metres in breadth. The number and depth of the wells 
are not given. The oil-measures of Galicia occur at several different horizons 
in cretaceous and tertiary rocks: some of the latter correspond with those of 
India, and all are, like these, in highly disturbed strata. 

24, In 1859 M. F. Foetterle? mentions that in West Galicia many wells, over 
60 feet deep, produce at first the “not inconsiderable quantity of 12 gallons in 
half a day,’ the other half being apparently allowed for accumulation’; the oil is 
skimmed from the surface of the water with which it percolates to the well. The 
oil comes from the crevices in a much shattered black bitumimous shale inter- 
bedded with sandstones (eocene). He attributes the gradual decline in the yield to 
the slow natural process of production, which he assigns (without explanation) to 
the action of decomposing pyrites sparingly disseminated through the carbona- 
ceous shale, under the influence of atmospheric agencies. Mr. Foctterle describes 
the wells at Boryslaw and Truskawice in East Galicia as in somewhat newer rocks 
in which the oil completely saturates a soft sandstone. 


1 Petroleum and its Products: Journ. Soc. of Arts, Vol XXXIV (1486), p 813 
2 Jahrbu ch d. k.k. Geol. Reichsanstalt, Vel X Verhandlungen, p 183. 
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25. Dr. von Hochstetter! describes the principal oil tract in West Galicia as 
about 14 miles long (E.—W.) by 1 mile broad, near New-Sandec; the others 
being some 40 miles further east, on the same strike. They appear to correspond 
more or less with the menilite zone (middle eocene), so called from the frequent 
nodules of menilite (a semi-opal). It is an undulating hill country, some 2,000 
to 3,000 feet in elevation, forming a broad belt between the Carpathian axis and 
the alluvial land on the north-east. The rocks are massive sandstones with 
alternating sandy shales and marly clays, all steeply folded. The wells are from 
four to eleven fathoms deep, the sinking being continued as the oil gets exhausted 
and until the water becomes too troublesome, when it is found cheaper to open 
other shallow wells. In this way the wells are only from two to three fathoms 
apart, The Mikowka shaft is twenty-one fathoms deep; at six to seven fathoms 
it yielded about 4 cwt. of oil daily, but the quantity diminished as the shaft went 
deeper. There is no stratigraphical observation to account for this, but it may 
be presumed that the shaft passed into less oily beds. The Folinovka pit close 
by is also twenty-one fathoms deep, but yielded little oil, and further work 
was stopped by the influx of inflammable gases. The Ferdinand shaft at 
two fathoms got into grey shaly clay full of oil, but no flow took place till the 
water was reached, when the oil flowed freely, This occurred in several shafts, 
the oil increasing with the flow of water. In some places, for a square mile in 
extent, the whole ground seems saturated with oil; elsewhere gas and earth-wax 
(ozokerit) are the only signs of the oil, which probably exists at greater depths. 
Wells close to each other yield quite different quantities of oil, and that only for 
a certain time, when they have to be deepened. It is asked then, What would be 
the prospect of deep borings on the American system? Upon the supposition 
suggested by M. Foetterle, that the oil is produced near the surface, there would 
be none. But Dr. Hochstetter remarks that he found neither bituminous shales 
nor pyrites in any abundance; the beds in which the oil appears are sandy and 
earthy shales poor in “bituminous matter,” occurring in a definite narrow zone 
with a constant strike; and he agrees with M, Foetterle as to the horizon of that 
zone; yet he goes on to say that he considers these rocks to have nothing to do 
with the oil otherwise than as vehicles; that the oil is not indigenous in these 
beds through which it reaches the surface, but is the product of the destructive 
distillation of organic matter at great depths, in coal-measures or other rocks 
that may be supposed to underlie the Carpathian sandstones. He indicates 
vaguely the difference of stratigraphical conditions here and in Pennsylvania 
where the oil-beds are struck at definite horizons, whereas in Galicia it is declared 
that the only chance of abundant oil is by tapping one of the more or less vertical 
deep-seated fissures through which it rises to be diffused in the crushed strata 
near the surface where it is now slowly extracted. Here, as in other fields, it is 
found that the lighter oil comes from the greater depth. Dr. Hochstetter’s view 
seems like a hasty recoil from the superficial origin suggested by M. Foetterle, 
and a too ready extension of that assigned by M. Posepny (to whom he refers) for 
oil found in certain newer beds in Hast Galicia, connected with the great fold- 
ing and fissuring to which all the strata have been subjected. Hoe regrets that 


1 Jahrbuch d. k.k. Geol. Reichanstalt, Vol. XI (1865), p. 190, 
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no facts are available to test his views, for as yet (1865) no boring in East or 
West Galicia has exceeded 500 feet, while it would require numorous ,deop 
borings to arrive at any conclusion. 

26. The oil-measures are much more productive in East Galicia, and an 
excellent sketch of them was given in 1865 by M. F. Prosepny.! Ho distinctly 
considers the oil to be indigenous in the bituminous shales with remains of fishes 
and the bituminous muds with fucoid remains occurring in the menilite group. 
In the later official geological map (1871) this group is distinguished as the 
Amphysilen zone, from the abundant remains of tho small fish of that name; 
these rocks are also sometimes referred to as the fucoidal beds of the Carpathian 
series. M. Posepny considers that the evolution of the petroleum in these beds 
was encouraged by the great dislocations and crushing they have undergone giving 
access to decomposing agents (not mentioned): and the same fracturing has per- 
mitted the oil subsequently to find its way into contiguous older and newer rocks. 
The very abundant sources in the soft miocene sandstone at Borislaw are taken to 
be supplied in this way. The workings are described as of the most primitive 
and wasteful kind :* shallow pits (seldom over 20 fathoms) at a few feet apart, 
to the number of 5,000, new and old, within a small area. While in work a shaft 
yields from 5 to 80 cubic feet daily. 

27. A much more exact study of the petroleum rocks of Galicia has more 
recently been given by Mr. C. M. Paul, of the Austrian Geological Survey. 
His arrangement of the Carpathian rock-series would seem to involve consider- 
able chsnges in the official map of 1871. The following groups are indicated :-— 


6. The neogene salt-marl (lower miocene), 

5. The Magura and Kliwa sandstone. 

4. The Menilitschiefer. 

8. The eocene Carpathian sandstone. 

2. The middle Carpathian sandstone. 

1. The Ropiankaschiefer or lower Carpathian sandstone (neocomian). 


Of these, Nos. 1, 3, 4 and 6 are oil-producing; but of course only in certain bands, 
which locally may be some metres in thickness. The oil mostly occurs in goft 
sandstone although no doubt originally derived from the associated shales abound- 
ing in organic remains. Mr. Paul has no doubt whatever that the oil was indi- 
genous in these latter beds, any connection of oil-rock with faulting and fissuring 
of the strata being only incidental. Thus, in these rocks too the oil is not original 
in the beds in which it actually occurs most abundantly. Here again it has been 
observed that oil appears most frequently along anticlinal axes, but Mr. Paul very 
sensibly connects this with the better exposure of the beds in this position, and 
does not at all infer the absence of oil in the synclinal folds whenever they can be 
got at. Actually vertical strata offer the least favourable condition. His remark 
that in the few places where the oil-bearing rocks are little disturbed they have not 
proved productive, would perhaps need further elucidation ; for if a general rule, 
it would certainly imply that the squeezing, with evolution of heat, elsewhere 
* Jahrbuch d. k.k. Geol. Reichanstalt, Vol. XV, p. 351. 


3M. Posepny’s figured section is as primitive as the native mining he describes, 
* Jahrbuch d, k. k. Geol. Reichsanstalt, Vol, XXXI (1881), pp. 131-168. 
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experienced had been an effective cause in the accumulation, if not in the produc- 
tion of the oil; the latter would be an instance of ‘‘ pressure metamorphism, ”’ as 
compared with the regional metamorphism of the same kind appealed to by Mr. 
Carll. Under the foregoing conditions it is mentioned as obviously unwise, un- 
less for purely experimental purposes, to put down a boring or well on the actual 
spot of a natural oil spring; the trial should be made at some distance, accord- 
ing to the amount and direction of the dip of the oil rock. I have reproduced in 
Plate II a number of figures from Mr. Paul’s paper, they will serve to illustrate 
the structural conditions in such ground; they are diagrammatic (not to scale) 
and few particulars are given as to depths and yield. Of Mraznica (fig. 4) it is 
stated that pits 100 metres in depth had for ten years been yielding about 1,400 
kilograms each weekly ; while some had given ten times as much. Both figs. 4 
and 6 represent isoclines,—flexures in which all the beds dip in the same direction ; 
fig. 4 is on the up-curve side of the flexure, a folded anticlinal, in which the oldest 
beds appear in the axis of the denuded flexure; fig. 6 is on the down-curve side 
of the flexure, a folded synclinal, in which the newest beds are found at the axis 
of the denuded flexure. This latter is then an instance of productive measures 
in a synclinal; the Polana pits proved very productive. The Schodnica workings 
(fig. 9) are among the most prolific; the pits are about 160 metres deep.! 
For a time the Magdalen pit gave 80 cwts. per day, and became steady at 40 cwts. 
The Boryslaw mines (fig. 10) are in the newer rocks. They are the principal 
source of ozokerit. The area worked is about 1,950 metres long and 700 metres 
broad, in which some 12,000 pits have been sunk. Some 2,500 are now 
producing oil, and 935 are for earth-wax. The principal shafts are about 160 
metres in depth, The production of earth-wax now is about 250,000 cwts. yearly. 
The output of oil used to be 200,000 cwts., but has fallen to 35,000 cwts.; the 
winning of the wax is so much more profitable. 


INDIA. 
The Punjab. 


28. All the petroleum of India occurs in middle or lower tertiary rocks, as 
in Galicia and at Baku. Within or near the Rawalpindi district of the Punjab 
there are some 16 spots at which symptoms of petroleum occur. Some of these 
are very insignificant, the product being quoted in teaspoonsful; the best (at 
Gunda) yielded for six months an average of about 11 gallons a day from a 
boring only 75 feet deep. They are all described in Mr. Lyman’s report. His 
attempt at a geological correlation of the rocks at these different localities is 
simply ridiculous ; but that is of little practical importance for immediate purposes. 
His views upon petroleum itself are more serious: he seems to have practically 
held to the view that pretroleum is for ever confined to the bed in which its mate- 
rials were deposited ; a notion that is demonstrably erroneous for the greatest 
known oil sources; and to a very important extent so in other regions, as in 
Galicia. Upon an extra arbitrary exercise of this opinion he actually formulated 


3 From the term used,— Grube ”-—I infer that the extraction is by pits, not bore-holes, es- 
pecially as borings are sometimes mentioned ; but no particulars are given. 
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a rule (l.c., p. 8), that the limit of depth (in the bed) to be expected at any localiu~ 
would be half the length of the outcrop along which any trace of petroloum could 
be found. It is likely that the indications given by Mr. Lyman for the exploration 
of these localities are affected by these peculiar views: that a rock in which an 
accidental exhibition of oil occurred may have been indicated in both directions 
asan oil bed. Still, the descriptions and the detailed plans in his report supply 
an excellent basis for further explorations, for he seems to have been a good 
surveyor. At first at least, exploration should be limited to the neighbourhood of 
these natural springs; if it should be proven that these are but a faint indication 
of oil-bearing rocks underground, it may be permissible to attempt places where no 
such indications occur. The fact that all these localities occur in about the same 
geological horizon strongly confirms the opinion that the oil lies in and about its 
original birth-place; see section fig. 3, pl. I; the oil occurs in the bands numbered 
5 and 6. 


Khatan., 

29, The best local description of the oil-measures of this North-West region 
is that by Mr. R. A. Townsend in his account of the Khatan field in the Mari 
hills of Baluchistan, where he has recently carried out some successful borings 
in spite of most trying obstacles, both underground and abovo it. His report is 
printed herewith. The identifications of fossils and of geological horizons may 
not be quite correct, but we have seen that this is almost irrelevant to the 
question. Not so however the theoretical considerations regarding tho origin of 
the oil, for the process of search must be largely influenced thereby. The notion 
of any essential connection between petroleum and the salts and sulphurous pro- 
ducts that so often accompany it, is now very generally abandoned, tho associa- 
tion being only incidental, or at most concomitant. There may be decp-scated 
coal beneath all this ground—Mr, Oldham’s suggestion of Gondwana coal-mea- 
sures in Rajputana, at the eastern edge of this geological region, would be a 
direct hint at such a possibility —but there is really no excuse for looking afar for 
what seems to be in our hand: Mr. Townsend’s own description is tho most satis- 
fying yet on record that the oil is indigenous in these eocene rocks, probably in 
the shales that are described as so densely charged with organic remains, al- 
though the associated fractured limestones have afforded in their crevices con- 
venient receptacles for the oil. I certainly think that this view should be the one 
adopted for immediate operations. Upon it, the Khatan boring would seem to be 
at the base of the measures, and may be already below them. A more likely site 
would be on outcrop No. 25 of the section, though not necessarily on this actual 
line, better at a lower level and where the dip is lowest so as to cut as many beds 
as possible. These shales are described as themselves oil-bearing. The ‘marine 
conglomerate,’ the chief oil rock of Mr. Townsend’s report is, I am pretty sure, 
the ‘limestone breccia’ described by Mr. Blanford in his sketch report on that 
region’ as occurring so widely at or near the base of the lower eocene series. 
Specimens of it sent by Mr. Townsend certainly contained nummulites; and 
Khatan is coloured as eocene on Mr. Blanford’s sketch map, though he was not 
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able to visit that particular ground, Ihave found, in descriptions of works in 
similar measures elsewhere, notice of the great practical difficulty mentioned by 
Mr. Townsend of keeping a straight hole in rocks that are much broken or dis- 
turbed ; the cutter must be reflected laterally on striking a hard surface obliquely, 
and so be diverted from the plumb line. I imagine that this difficulty has had 
much to say to the practice in Galicia of sinking deep pits instead of borings, 
notwithstanding the special advantages of the latter in the extraction of petro- 
leum, But fur the remark quoted above from Mr. Paul, that the measures in 
Galicia are not so productive where little disturbed, and for the independent un- 
certainty of their occurring anywhere on the same horizon, one might recommend 
a splendid place for a speculative trial boring at the base of the Kirthar lime- 
stone near Rohri on the Indus. It will be tried some day. 


Assam. 


30. A brief notice of the petroleum springs in connection with the coal- 
fields in Upper Assam was published in 1865, in the Memoirs of the Survey, 
Vol. IV, Pt. 3, p. 29, with a recommendation that trial borings should be made. In 
1866 a Calcutta firm obtained a license to explore the ground and commenced 
operations in November of that year. A short account of this enterprise was pub- 
lished in the Survey Records for 1874, Vol. VII, pt. 2, quoting also a distillation 
assay of the oil, as compared with that of Pennsylvania and Rangoon oils. The 
results of the Makum borings were all that could be desired: none of the holes 
were of considerable depth, apparently less than 200 feet, yet in some the oil 
spouted intermittently with a pressure of 30 Ibs. to the inch, yielding as much as 
3,500 gallons in 35 hours from a single pipe; the dimensions were not given. 
Notwithstanding this superabundant supply the enterprise broke down, owing to 
the difficulties of transport from so remote a site. A further notice of the Assam 
petroleum is given in Mr. Mallet’s report on the Naga Hills coal-fields (Memoirs, 
Vol. XIT, Pt. 2), with an enumeration of places where the oil appears naturally at 
the surface, An apparent connection of this petroleum with the coal occurring in 
its immediate vicinity is more marked than usual. Mr. Mallet mentions having in 
one instance seen oil oozing out of the coal itself. There is nothing, however, to 
confirm the idea of any real connection : this coal is still the most highly ‘ bitu- 
minous’ coal in India, Thick soft sandstone is the prevailing rock, but blue clay 
is mentioned as occurring in the borings; all are much disturbed. The exact age 
of these rocks is uncertain; they are more likely middle than lower tertiary. 
There can scarcely be a doubt that the oil resources of this region are very great. 
At present most of the best ground is within the immense concession granted to 
the Assam Railways and Trading Company; but apparently the oil is neglected. 


Arakan. 
31. The coast of Arakan, from Cheduba island northwards, exhibits an 
immense thickness of tertiary rocks, chiefly sandstones and shales, crushed to- 


1 I recently had occasion to apply to the Manager at Dibrugarh fora barrel of oil, but was 
informed that the Company scarcely got enough for their own uses, 
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gether in more or less vertical folds. The same rocks and features continue 
northwards through Chittagong and the Tipperah and Lushai hills into Cachar. 
They are separated from a like accumulation of deposits in the basin of the Ira- 
wadi by the Arakan Yoma (range), continued northwards into Manipur, com- 
posed entirely of sedimentary rocks, the oldest of which seems to be of triassic age, 
with some considerable masses of serpentinous eruptive rocks. South of Cheduba 
the coast line is weathered back to the axial rocks, ending at Cape Negrais. 
The region of the islands and the adjoining coast has long been remarkable for its 
numerous mud volcanoes, caused as elsewhere by the eruption of hydrocarbon 
gases, and also as usual petroleum occurs freely in the neighbourhood and has for 
long been extracted by the natives, supplying an export of as much as 40,000 
gallons a year from Kyoukpyu. The oil is very light and pure, and can be burned 
in lamps without refining. Anexcellent description of this ground by Mr. Mallet, 
was published in the Records for 1878, Vol. XI, Pt. 2, giving particulars of the 
mode of occurrence of the petroleum. In 1877 European enterprise was attractcd 
to this industry and very promising results were at once obtained : one of the first 
wells, only 30 feet deep with a boring continued 36 feet deeper, gave a flow into 
the well, yielding at first about 250 gallons a day. In 1879 more extensive works 
were undertaken by the Borongo Oil Company. They started work most energe- 
tically, with a large staff of skilled workers of all kinds; they set up two stills 
of 4,500-gallon and 9,000-gallon capacity; in 1883 they had 24 wolls in work 
ranging from 500 to over 1,200 feet in depth; for a few weeks one well yielded 
1,000 gallons daily, but the total amount of crude oil pumped from 10 wells 
during the whole year did not exceed 234,300 gallons, of which they refined 65,450 
gallons and sold the rest in a crude state. In 1884 the Company had to suspend 
payment. In the official report! from which these facts are taken there is a naive 
remark that goes far to explain the whoie calamity,—‘‘ As yet no one in the 
Kyoukpyu field has discovered oil-bearing strata of the type of the good American 
or of the Caspian field, and so far the business of oil-winning on a large scale 
has not been a success.” No doubt the promoters of the enterprise, like the 
enthusiast alluded to in para. 21, reckoned on that sort of thing; it is the un- 
fortunate mistake alluded to in para. 4, yet an intelligent diagnosis of the ground 
should have warned against such an expectation. There are no doubt very large 
supplies of high class petroleum to be got from this region, but 1t must be won 
by suitable methods. In Mr. Carll’s work on the Pennsylvania oil-fields he bitterly 
laments the irretrievable loss of information through the want of intelligent record 
of such costly experiments: of the many thousand borings put down in that region, 
not one record in fifty, if obtainable at all, was trustworthy. We may echo the 
same regret here; no doubt useful hints for future guidance might have been 
obtained by intelligent observation of the numerous borings in Arakan. 


Burma. 


32. ‘Rangoon oil,’ under some other name, was probably an object of 
industry in pre-historic times. For many years it has been a steady article 


2 Administration of British Burma during 1883-84, p. 31. 
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of trade at Rangoon, It almost all comes from Upper Burma and from the neigh- 
bourhood of Yenanchaung on the east side of the Irawadi about 60 miles above 
Thayetmyo. The greater part of the produce probably goes to Rangoon. In 1883- 
84 this part amounted to nearly 1,000,000 gallons, mostly taken by the Rangoon 
refinery, which produced 640,000 gallons of refined oil during the year. The oil is 
extracted in very primitive fashion, by wells ranging from 100 to 300 feet in 
depth according to position. Some wells yield as much as 200 gallons daily. 
Dr. Oldham when with the mission to Ava in 1855 observed that the measares 
consist of soft sandstones and shales of middle or lower tertiary age, considerably 
disturbed! They are apparently less so than the oil-measures of Arakan. Oils 
of lighter quality are said to occur to the west of the river opposite Pagan and 
in the Chindwin valley. <A notice of the small oil workings in Lower Burma was 
published in the Records of the Survey for 1870 (Vol. III, p. 72), and again in 
1873, in Mr. Theobald’s report on the geology of Pegu.? It is unquestionable that 
the oil resources of Burma admit of an indefinite extension of enterprise; yet the 
country still imports yearly about 2,000,000 gallons of kerosine oil from America. 
Itis I think a safe prophecy that the oil-measures of Eastern India may be 
supplying half the world with light within a measurable time when the American 


oil-pools have run dry. 


Report on the Petroleum Exploration at Khaitan, by R.A. Townsenp, Superin- 
tendent of Petroleum Explorations in Baluchistan (Plate I, fig. 4).8 


The Road from Sibi to Khatan vid Bioraji Hill passes nearly the whole dis- 
Boads tance over the finviatile deposit which characterizes the 
plains of the Indus and no change is observable until the 

low sand hills are reached at Gazi, 24 miles east-by-south from Sibi. 

These low hills continue with a gradual rise until the south side of Bioraji is 
reached ; their composition is a coarse semi-compact sand, unfossiliferous, except an 
occasional vegetable marking, with a few ferruginous concretions. They contain 
thin plates of fibrous gypsum, which increase in number and thickness as Biora] 
is approached, and all have a low dip, chiefly westward. 

At Bioraji a sudden change to eocene nummulitic rocks is noticeable, and 

insisiewotice there are not visible any signs of a gradual passage through 

; miocene and pliocene, to fluviatile rocks, although no 

doubt the space between Gazi and Bioraji is occupied by miocene and pliocene 

formations. The strata on the south side of Bioraji are very much broken and 

faulted and dip at all angles between the horizontal and vertical; indeed some 

are thrown beyond the vertical, and their original lower has become their present 
upper surface. 

3 Appendix A of Colonel Yule’s “Narrative of the Mission to the Court of Ava in 1855” 
reprinted, with other papers relating to the geology and minerals of Burma, by order of the Chief 


Commissioner in 1882. 
® Mem. Geol. Surv. Ind. Vol. X, Pt, 2. 


° See para. £9 of the preceding paper. 
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Approaching Khitan by way of Thali and the Chakar river valley the same 
conditions prevail until a halting-place, Chakar Tung, is reached, and here begin a 
series of low ferruginous coarse-grained sand hills with strong red colonring; 
these are also unfossiliferous except slight traces of vegetable markings and con- 
cretions ; they are, I think, upper miocene. At Turkhand, a little beyon1 this, 
towards Khitan, eocene rocks are again abruptly encountered, coming in with 
long straight ranges from the north-west bordering the valley leading to Mandi, 
and here a disturbance has taken place, producing probably a rift, which joins 3 
miles further on with a deep synclinal which continues to and beyond the intersect- 
ing Sart valley, the latter passing through Khdtan. At and near Turkhand tho 
disturbance has been great and the contortions and foldings 
of tha strata are surprising. The synclinal and rift form 
the water-course of the Chukar river. The fossils found thus far, differ in no 
way from those found at Khatan and need not here be considered. 

Entering the Sart valley the outer range on the right begins with a low 

Bart valley. out-cropping of nummulitic limestone dipping to the north 
at an angle of 60°. Bands of earthy shale containing 
Cardita are inter-stratified with the limestones, and the latter aro composed chief- 
ly of sub-angular fragments varying in size from an inch to two feet in diameter ; 
several of these strata show a thickness of from 3’ to 20’; a few hundred yards 
behind these is the range proper, the top of which is composed of nummulitic 
limestone, rising from the synclinal in broken curves, it continues on to the 
south-west, gradually increasing in height until the highest point is reached at the 
Maurani peak, 4,800’ above sea-level. The axis of the range traced thus far, a dis- 
tance of about 5 miles, is that of a gentle curve to the south-west with the con- 
cave side facing the Kh&tan river, the dip decreasing uniformly from 60° to 25°, 
and from north to nearly west at Maurani. A little to the south of tho peak what 
appears to bea distinct and separate range intersects the Manrani ridge very obli- 
quely ; but on examination it is found to be a continuation of the original range 
produced by a faulting of the latter; it continues to bend to the south and cast 
in irregular heights to beyond the Bioraji pass, and finally sinks down to the 
synclinal already named. It will thus be seen thot the axis 
of the whole range describes an elliptical, or a rather horse- 
shoe form, enclosing the Khatan valley. 

From the fault on to Bioraji, the rocks are thrown into a great variety of posi- 
tions, vertical, and at every conceivable angle. Beyond Bioraji the dip again 
becomes fairly regular and is always at right angles to the axis, outward. 

On the lower reaches of the river, the rocks are composed of angular clunchy 
limestone in alternating layers, each about 15’ thick, and between which are beds 
of earthy shales varying from 3’ to 12’ in thickness ; all these strata are standing 
at a dip of 60° towards the north, but to the south-westward they gradually fall 
to about 25°; none of them reach the crest of the ridge, having been removed by 
denudation. 

Lying conformably on the outer stratum of these clunchy limestones (see sec- 
tion, plate I, fig. 4) is a seam of brown coal or lignite 
about 20” thick, above and below which are a few inches 


Synclinal. 


Axis of range. 


Lignite. 
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of what appears to be volcanic ash of sub-aerial deposit, within this seam are 
occasional concretions of ironstone, very hard and containing iron pyrites, and 
Turritella, &c. The coal or lignite is of no value as a fuel, as it contains so 
large a percentage of sulphur and its compounds as to make it unsuited for con- 
tact with iron furnaces or boilers. The deposit is small and erratic, appearing 
occasionally further south-west in the outer range in thin ashy plates with dark 
carbonised markings. 

A little further up the river bed on the left appears for the first time what I 
have considered to be a conglomerate of marine origin 
on the surface of which are patches, the remains of a fine- 
grained dark blue shale-like limestone, which where exposed becomes prominent 
because of its double jointed structure producing angular blocks, the whole 
resembling a ruined fortification. This and the conglomerate are the only rocks 
exposed over the surface of the inner mountain, all original superincumbent rocks 
having disappeared by weathering and denudation. 

The longest diameter of the inner mountain corresponds to a line passing 
through its centre nearly east and west, and such a line 
also divides the mountain into two equal parts, one with 
its strata dipping pretty constantly to the north, and those of the other to the 
south—in fact, it is a gently folded cone, around the base of which the river takes 
its course from the eastward, the valley embracing the space between this and 
the inner base of the outer range. 

From an elevated position the whole presents the appearance of a volcanic 

crater with a cone in its centre, but only in appearance, as 
not a trace of true volcanic origin is discoverable. 
A transverse section of the range, valley, and a portion of the cone is shown 
in fig. 4. This section is made to bisect the maidan (plain 
or terrace) on which are located two borings for petroleum, 
and is fairly representative of the character of the whole range. 

Beginning at the top of the range shown in section, we find a prominent and 
heavy stratum of nummulitic limestone, about 300’ thick at this point, marked 
Nos. 1, 2, 3, 4. No. 1 is massive of slightly yellow colour and is rather porous 
although very firm; it 1s uncrystallized and abounds in nummulites, nautili and 
other molluscs and radiates. Strata 2, $ and 4, also nummulitic, differ from No. 
1 only in colour and texture, 2 being massive, of a pale yellow colour, and hard 
and clunchy in stracture. No. 8 is identical with No. 1. No. 4 is very white, 
rather soft and chalky; all contain nummulites and break with a fracture verti- 
cal to their line of bedding in planes, not unlike basalt. Nos. 5, 7, 9, 11, 13 and 
15 are all strong beds of light brown earthy limestone, and between them are 
numerous bands of thin limestone from 1 inch to 1 foot thick, with thin clay and 
shale bands; all these are eovered with debris and can only be examined in one or 
two places, but judging from their broken fragments they are all sub-divisions of 
the nummulitic series. No. 6 is a curious combination of angular blocks of white 
limestone. No. 8 is a heavy seam of very pure white gypsum in many places 15’ 
in thickness, extending throughout the whole length of the range. In many places 
very beautifal markings of pink colour are found, caused no doubt by iron oxide 
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in a state of solution. No. 10 is another heavy band of grey gypsum, in all respects 
like No. 8, except in colour and co-extensive with it. No. 12 is also gypsum, but is 
a thinner deposit, being only about 3’ in thickness and less pure than the others; 
all are unfossiliferous and are beautifully exposed in many places. No. 8, being 
massive, it is quite possible that blocks sufficiently large for artistie purposes 
could be obtained from it. Between Nos. 15 and 16 there is a trace of lignite with 
volcanic ash which appears in an erratic manner on the top of No. 16. Im- 
mediately above the lignite is a deposit of very friable coarse shale, weathering 
into mud if wet, teeming with echinoderms and small Cardita. Nos. 16, 18, 20, 
22, 24 are all continuations of the clunchy limestones mentioned as appearing on 
the lower reaches of the river; and Nos. 17, 19, 21, 23 correspond to the earthy 
shales between them, but here they have lost their earthy character and are very 
beautifully coloured soft shales, with, in places, enormous quantities of frailo 
carbonized nummulites which crumble atatouch. No. 25 is a thick deposit of 
silky olive shales with numerous concretions of vegetable origin; tho majority 
of them are soft and contain often pieces of carbonized wood in good prese rvation 
No. 26 is a band of dark brown flint which here appears for the first time; it is 
not uniform in deposition, many breaks occurring, but it can be traced for miles 
always in the same relative position, that is, between Nos, 25 and 27. The latter 
is also a soft olive shale differing only from 25 in having singular and larre 
masses which have become indurated, and which have a slaty cleavage and aro 
highly carbonaceous. It is im these two deposits of shale that the first tracers of 
petroleum are discovered and in several places where vertical faces arc exposed to 
the direct sun’s rays, bituminous drops and threads mark them with a jet black- 
ness. Beyond the concretions named I have not discovered any fossils in theso 
shales. No. 28 is another band of flint of very dark colour of about 1 foot thick- 
ness, and is I think throughout composed of sponge spicules; in many places tho 
original sponge form is retained, but so cracked are they that it is difficult to 
remove one in a perfect condition. 

Wherever this band appears among the low shale hills on the terraces at Sinh 
Kuch or elsewhere in the valley splendid specimens of fossil sponges abound, all 
rather large for transport. Besides flints thin plates of fibrous gypsum from 3” to 
1%” in thickness occur; they are very hard and of dark brown colour, and are 
scattered through the shales last mentioned and appear to have been formed from 
waters holding in solution sulphate of lime in their passage through openings 
caused, no doubt, by slipping; these plates give a metallic sound when struck to- 
gether. Nos. 29—3] are similar to 27, and No. 30 is a repetition of 28. 

Thus far all the rocks exposed are lying conformably upon each other, and all 
may be said to contain nummulitic fossils, except the last 
shales (No. 31) and the flints; a total thickness of about 
4,600' is exposed, vertical to the line of bedding. 

Having crossed the river bed we enter on rocks quite different from any so 
far described. No. 32 is a fine-grained hard blue lime- 
stone in divisional planes of various thickness from 3” or 
4” to 2’, and jointed in structure by straight parallel planes of fracture vertical 
to plane of bedding and crossing each other at various angles. Some of the 
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blocks thus produced are singularly uniform in their dimensions and wonderfully 
straight and smooth on their surfaces; as before stated, these resemble a masonry 
wall. Very few fossils are found in them, concretions resembling turtles in form 
when extracted, some vegetable markings and one ammonite, are all I have found. 
The ammonite is but a sorry specimen, very much flatten- 
ed and outlines destroyed by pressure, but it is plainly an 
ammonite, and from it and the character of the succeeding rocks, No. 33, I am 
inclined to believe that all the inner mountain exposures from this point are cre- 
taceous, and not, I think, of tertiary age. 

At almost regular intervals the whole of this marine conglomerate covering 
the inner hill is faulted to the west, the exposed face at 
each fault being vertical and of considerable height (in 
one instance over 100); ‘‘slickensides’”’ are numerous, and it is probably be- 
cause of faulting that the shales No. 31 appear to lie unconformably upon it; as a 
conglomerate it is peculiar, angular pieces of very hard dark limestone and flints 
are embedded in a matrix which is evidently the ooze of a not very deep sea, and 
which has circulated among sponges and angular pieces, embracing them in so 
firm a grip after hardening that a good blow will fracture both matrix and its 
enclosures in a straight plane without deviation. It is highly fossiliferous, orbi- 
tula and other foraminifera appearing. 

A little below the cross-section line are several copious springs of sulphurous 
waters, which have a temperature of 109° F. at the point 
of overflow; considerable quantities of sulphur crystals 
occur in the stalagmite surrounding them. No doubt quantities of native sulphur 
exist in the rocks below, and very probably the supply of water is obtained by the 
river losing itself at a higher point of its course, and following a fault which 
appears near the springs. Further up the hillside are many places where similar 
springs have accumulated stalagmite with sulphur intermingled in past time. 

Petroleum is found exuding close to the sulphur springs and for a consider- 
able distance up the valley; along the edge of the marine 
conglomerate there are beds of bituminous deposit (petro- 
leum mingled with gravel and earth) often 15’ in depth, while up the hillsides 
for 200! the debris resting on the conglomerate is blackened by old flowings when 
the river bed corresponded to their levels. The hard compact nature of this con- 
glomerate prevents the river from denuding it, hence the shales next above 
receive the wasting contact of the river torrent, and thus a continuous lower 
level is being annually made along the edge of the conglomerate, and the sulphur 
waters and petroleum naturally seek the lowest and easiest point of exit; this, no 
doubt, accounts for the old markings referred to. 

Besides these bituminous deposits there are in many of the vertical crevices, 
over a large area, included plates and particles of petroleum which from long 
exposure have lost their volatile components and have become solid and much like 
ozokerit in character and appearance. 

Within these crevices (and they are abundant) selenite crystals often contain 

Crystals small globules of both solid and liquid petroleam. The slow 
rate of denudation occurring in this almost rainless district, 
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when considered with the height at which old flowings are found (200' above pre- 
sent natural flowings), together with the time required for the formation of natural 
crystals, dimly indicates how long petroleum has been escaping to the surface in 
this locality. Its rapid disappearance after escapes is owing to its great specific 
gravity, and to the readiness with which it is converted into a solid easily ground 
and mingled with the gravels of the river below. 

There are three trial borings for petroleum, one of which is 524’ deop, of 43” 
diameter. In the deepest of two of these borings (the other 
is but a shallow one), the following, in order of succession 
downwards, are the rocks penetrated :— 


Borings. 
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Thickness.| Depth. 





(1) Gravel, with boulders and bitumen ° ‘ : : ; . ° 12 13 
(2) Jointed blue limestone . ° ; . ° ° 20 82 
(3) Hard marine conglomerate with abundance of flint : ° 195 227 
(4) Alternating bands of soft bluish shales and hard flinty limestone with :ron 30 257 
(6) Rather hard shales with pyrites . 217 | 474 
(6) Dark grey limestone without fossils . ‘ . . 2 476 
(7) Soft grey shales ° . ° ° ° 48 624 


Oil was obtained at 28’, at 62’, at 92’, at 115’, at 125’, at 133’ and at 374. 
- The conglomerate is broken and fractured in all directions, and through these 
ale iaetas the oil finds its way upwards, borne on the top of the warm 
waters which accompany it, but while these fractures af- 
ford a ready means to the miner of “striking oil” they sadly interfere with his 
progress in boring, as the drilling tool in descending must inevitably enter many 
of these crevices at an acute angle to their planes, and it is almost impossible to 
prevent the tendency of the tool to follow the vagaries of such crevices and thus 
produce a “crooked hole,” which is fatal to further progress unless straightened. 
It is, all round, the most difficult of rocks in which to construct borings the writer 
has yet encountered. 

A report of the character of the petroleum obtained here has, in 1884, been 
sent into the Government of India, and I need only add 
that owing to infinitesimal particles of sulphurous and acid 
waters being held in suspension within the oil, it is most difficult to distil it. 
These particles in the process of distillation are vapourized at a little over 
212° F., while the oil vapourizes at over 306° F.; the consequence is the vapour 
first created causes the oil to foam within the still, and finally carries it over with 
it into the condensing pipes bodily, which operation is known to refiners by the 
inelegant term “ puking.” The remedy lies in a specially constructed still, or a 
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mechanical appliance in ordinary stills for beating down the foam, or by a chemical 
process for removing the waters before distilling is undertaken. 

At present about 1,000 barrels of crude oil are being sent to Sibi, for a thorough 
test as to its suitability for locomotive fuel. 

Both in drilling and pumping the borings, a considerable quantity of sul- 
phuretted hydrogen gas is eyolved, but it is not in suf- 
ficient quantities to cause a natural flow of oil from the 
tubes. In pumping the oil from the show obtained at 374' we found that it came 
up with the warm water in very small globules, thoroughly mingled with and 
giving the water the appearance of having had snuff thrown into it; at rest the oil 
and water soon separate and the water becomes clear. 

It has occurred to me as a tenable theory that the petroleum of this locality 
may be produced by the action of sulphurous acid waters 
combined with alkalies, all at a moderately high degree of 
heat actirg chemically upon a deep deposit of coal, or lignite, under confinement, 
and it may be that all petroleum has a similar origin. It is a fact that all pro- 
ducing oil-fields are in strata containing sulphur, salts and alkalies. The Cana- 
dian and American fields both retain inexhaustible supplies of saline sulphurous 
waters, some of them sufficiently strong to destroy in a few weeks the iron tubing 
used in pumping. 

Besides petroleum there are no products of economic value here, If works 
were established for the manufacture of oil it is possible 
that saltpetre, alum, and alkalies might be produced at a 
profit from the manipulation of the shales. Of gypsum there are endless quanti- 
ties of excellent quality, but too far from any market, I fancy, to export at a pro- 
fit. The entire country round about is barren, save a few tamarisk and other 
scrubby trees, and a few acres of cultivable land. All the waters available for 
domestic use are charged with sulphate of lime and do not conduce to one’s health. 
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Boring Exploration in the Chhattisgarh Coal-fields, by Witu1am Kina, B.A., 
D.Sc., Superintendent, Geological Survey of India. (With map and plate.) 


1. Rampur CoAaL-FIELD. 2. WESTERN FIELDS, 
A. Lillari Valley. A. Mand Valley. 
B. Oira Valley. B. Korba. 
C. Baisandar Valley. 
D. Pazar Valley. 


1. Rampur CoaL-FIELpD. 


The name Rampur Coal-field was adopted by the Central Provinces Govern- 
ment for convenience; but the borings have as a matter of fact been put down at 
likely places on three sides of the area originally described! by Mr. V. Ball as 


? Rec. G. S. of I., IV, p. 101; and VIII, p, 103. 
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the Raigarh and Hingir Coal-field, or partly in the Sambalpur District, and 
partly in the Gangpur State of Chota Nagpur. My own connection with the 
field began with the season 1883-84, when boring sites were selected -'! and tho 
mechanical work has been carried out since then by Mr. T. G. Stewart, tho 
Assistant Mining Enginecr, whose boring journals are given in the appendix to 
this paper. ; 

The samples of coal so obtained have unfortunately been always more or 
less poor; and as there is no fair indication of any possible improvement 
in other parts of the field, I am reluctantly compelled to recommend its abandon- 
ment. 

At the end of the season 1884-85, I reported? the general results of the 
exploration up to date in the Lillari Valley section, and they were poor enough. 
The existence of an upper though useless band of coal scums within a moderate 
depth and convenient to the proposed Hingir Road railway station had been 
ascertained ; but as there still remained a considerable southward area of yet 
lower coal-measures with exposures of coal lower down the same valley and 
likewise not too far from the railway trace, it was decided to prove them by 
further borings at the commencement of the ensuing season (1885-86) boforo 
moving the plaut to new ground. No better coals were found, although, I think, 
almost the whole thickness, and all the seams of the Barakars on this the 
southern side of the Hingir plateau were proved. 

A, Inllari Valley.—Six borings were put down with more or less success over 
about a square mile in the neighbourhood of Chowdibahal during the first season ; 
and four more, respectively near Kaliabahal Bonjari and Ghanamnl, one being 
between the last two villages, later on: ten in all, of which however it is only 
necessary here to refer more particularly to seven, viz. Nos 1, 2a, 3, 5, 6, 7, 
and 8 (see plate). The sites of these are also indicated by the same numbers on 
the Sketch Map, as lying along the right bank of the river. Nos. 1, 2a, and 3 
are at the corners of a triangular area, one side of which (1 to 2a) forms a line 
with Nos. 5, 6, 7, and 8 at right angles to the strike of the beds, or, taken in this 
order of numbers, against the dip which is generally very low to the north-north- 
westward; that is, No. 2a is in the uppermost and No. 8 in the lowest band of 
carbonaceous shales and coal seams of the coa!-measures, 

The difficulty in considering this set of bore sections is as to the recognition of 
seams of coal or other strata in two or more of them; for, as a reference to the 
appendix or the plate will show, there is considerable variation in the thickness 
of the coal seams and in the constitution of the beds associated with them. 
Fairly well defined strata, such as the hard band of compact red clay-stone (x 
in plate) belonging to the overlying Kamthis, are however recognizable in bore 
holes 1, 2a, and 3; while there can hardly be a doubt as to the continuity of 
the tolerably similarly constituted band of carbonaceous shales and sandstones 
below, and the coal seam (a). The dip of this coal seam if it be even is very 
low; in fact, rather lower than the average I had calculated on in my first 


2 Rec, G. 8. of I., XVII, p. 128. 
9 Rec. G. 8S. of L., XVIII, p. 196. 
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report. The real condition appesrs to be that the beds roll somewhat, 
while they are often almost flat, and are only occasionally at so much as 10° 
to 15°. 

Reckoning on this generally low dip, and knowing how necessary it was to 
try and get at good coal as quickly as possible, I ventured on taking the next 
borings at long intervals. The result tends, I think, to show that each of the 
holes along the main line has passed through at least one of the seams of shale 
and coal met with in the preceding bore. Thus, No. 1 has passed through coal 
met with in 2a and 3, and penetrated yet lower strata with coal; No. 5 has 
proved strata occurring in 1, 2a, and 3, and reached yet lower measures; while 
No. 6 encountered the lowest beds in No. 5, and touched others considerably 
below them. 

I have always had my doubts as to the regular behaviour of the bedding in 
the interval between Nos. 6 and 8; having been led from indications on either 
side of the country to surmise that there might be here a roll up from the 
normal low northerly dip. Thus it is difficult to be confident about the connection 
or continuity of the carbonaceous shale bands with coal in Nos. 6, 7, and 8; but 
the presence of an intervening band of more decidedly sandy strata, recognizable 
in each section, leads to the conclusion that the shales and coal below them 
belong to the same horizon. 

On this recognition, or connection, of strata in the several bore-holes, and 
taking No. 6 as having reached the lowest coal-bearing beds in its position, I 
calculate that these borings have pierced through an aggregate thickness of 480 
feet, which is not far off my original estimate.) 

The upper or Chowdibahbal portion of the Lillari Valley has been treated of 
in my previous paper;* and there is now little use in repeating more than that 
in the 220 feet or so of ascertained coal-measures, there are two permanent seams 
of 6 to 7 feet in thickness, another which appears to ‘merge into a more shaly 
seam, and some smaller seams of a foot or so in thickness. All the coal is bad; 
the average percentage of ash in them being 36°09, except in one case where it 
runs as low as 22°92 in the 4th foot of a 6-foot seam at 69 feet from surface in 
bore-hole No. 4. 

An outcrop of coal, of which I had ascertained at least a thickness of 4} feet, 
occurs about half a mile lower down the river, to the north-east of Kaliabahal ; 
and I thought it might be perhaps the edge of seam (b) in the Chowdibahal 
holes. Hole No. 5 was put down a short distance to the north of the exposure 
and struck a 9-foot seam of coal at 37 feet, which at first sight looks very much 
as if it were after all an outcrop of the seam (a) in No.1. This may really be 
the condition of affairs; but I am inclined to doubt it, mainly indeed on the 
extremely low and almost southerly dip involved in such a relation, and the 
want of correspondence in the beds below as displayed in the further progress 
of the boring, but partly on account of the nearer correspondence of the assays 
of this coal with that of (6) in No. 1. 


4 Reo, G. 8. of I., XVII, p. 129. 
® Op. cit., p. 196, 
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Assay. (Foot by foot.) 
Bore-hole No. 5, 37 feet frum surface, seam (7b), 9 feet thick. 








—seewrr ee ee 








5 6 7 8 





© 
Average of 
1—9 s 











Moisture . . .| 708} 828) 856) 9°20 894) 7:96) 842) 688) 848) 820 





Volatile matter (exclu- 
sive of moisture) . | 21°88) 22°40; 23°18} 22°82 21°80} 2828) 21°86; 21°28) 21°92) 29°91 


Fixed carbon : . | 25°72| 27°42} 3008| 28°60 28°42] 20°84, 23:44] 17°88; 24°02) 25°16 
Ash . ° ® -| 45 32] 4190) 38:18) 39°88 4084] 47°92) 46 28/ 53°96| 45 58) 44438 


— | menses | gee § SE ens | eee enge| “| oe —eeeees f aeinel 


100°00 {100 00 ,100°00 |100 00 100°00 |100°00 ,100:00 | 10000 |100°00 |100°00 





SS 2 
Do not cake. Ash grey and reddish grey. 


Assay of 8-feet seam (b) in bore-hole No, 1 at 142 feet from surface, for comparison 
with the above. 



























aga | age | aga | aga | age | age 


A well mix- 
ed sample 
of Nos.35%° 


RS, | cacy | oe 
umoeees || onesie || ees ff eee | eee 


Moisture : . ° 1200; 11°02/ 9°40) 7°44 9°98 
Volatile matter (exclusive of 

moisture) . , ° 22 66 | 22°06 | 20°52 21°22 
Fixed carbon. . 28°36 | 26°42 | 24°04 24°62 
Ash, ° ° ° ° 36°98 | 40°60 | 46°04 44°18 





100 00 |100°00 |100°00 |100°00°}100°00 |100°00 | 100-00 |100-00 |100°00 


Do not cake. Ash grey and yellowish grey. 


The coal is bad, even inferior to that in seam (a) of the Chowdibahal ground. 
This bore-hole was run down to 221 feet, disclosing further seams, two of 
which are over 15 feet in thickness. They tell the same tale of poorness of 
quality ; in fact, the lower thick seam consists of such worthless stuff that we did 
not consider it worth sending down to Calcutta for assay. Two of the samples 
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sent down from the upper 15-feet seam got mislaid in despatch, but their quality 
was on a par with the rest which are given in the following assay :— 


_Bore-hole No. 5, 114 feet from surface, 15 feet thick. 












1 2 3 4 


eee | ore | comrereeee | yenpcee | eee | wee ese | eee | ene | cee | eee | ee | eee | eee 








Moisture .| 7°64) 8°08) 836; 8°20] 9°20! 7:36) 7°44| 7°28 “6 8°50; 8°76] 986; 6&8 46; 9°93 
Volatile mat- 5 "ge 
ter (exclu- Ba 
sive of 2 

moisture) . | 26°18 | 25°34] 24:38] 23°36| 26°60| 21°82} 21-°86| 2280) = 23°72 25°46 

Fixed carbon | 2908| 20°60) 27-80| 25°74) 20°72; 23°06) 21'28| 23°26, 2 26 24 33°64 

Ash . - | 37°10) 3698/| 39°96 | 42°70) 34°48) 48°76; 40°72) 46°66 = gS 41°64 30 98 
~~ 

100°00 |100°00 }100°00 |10°000 slats ‘pace mae 100°00 100°00 |100°00 |100°00 , 100°00} 100°00 

A 
Does not cake, ash light, Reddish grey. 





The results so far certainly tended to crush any hope of our striking better 
coal in this division of the field ; and had it not been that proximity to the rail- 
way line demanded the trial of every reasonable chance, I should have preferred 
abandoning the work at this point. As it was, warning was given to prepare fora 
move, pending the hazarding of three more holes on the same line, No. 6 near 
Bonjari, No. 7 a mile further down the right bank of the river, and No. 8 near 
Ghanamal. The only coal of the different seams struck in these holes which 
appeared worth sending down to Calcutta gave this assay :— 


Bore-hole No. 6, seam 7 feet thick at 62 feet from surface. 





Moisture. . . 7°34 6°20 616 5°74 | 580 | 654 | 728 | 6°44 
Volatile matter (ex- 

clusive of moisture). 26°06 24°56 94°56 93°94 24°38 26°06 95°62 95°08 
Fixed carbon . -} 81°04 27°80 28°38 27°46 | 27°64 | 30°84 | 31°40 | 29°22 
Ash . ° ° ° 35°56 41°44 40°90 42°86 | 42°18 | 36°56 | 35°70 | 39°31 








Does not cake. Ash, reddish grey. 





There was clearly no use in holding out any longer at the Lillari Valley, soa 
move was made for what I had already described in my report on the selection of 
boring sites as the next more promising part of the field, the Oira Valley section, 
where two seams of coal are exposed at times—according to the scour—in the bed of 
the river near Dibdorah, one of the villages in the small zemindari of Kodibuga. 

In the meantime, it was intimated to me that the Minister for Public Works 
had suggested that the Baisandar Valley on the north-easterly edge of the Hingir 
plateau seemed, from the numerous exposures of coal, to offer better inducements for 
boring with any hope of success. In the original paper by Mr. Ball, there is no 
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particular expression of the promise of these outcrops ; in fact, he does not hold out 
much prospect of good coal. I too had learned sufficient of that side of the 
country to infer that these many outcrops would most likely turn out to bo repe- 
titions of one or two seams through their coming to surface in the windings of the 
Baisandar and its tributary the Jhajia nala as they flow for some distance along 
the strike of the strata. The look-out was therefore really no better, if indeed as 
good as that at Dibdorah ; and, after all, in moving the plant round by the Dibdorah 
side of the field, there was not much time lost in the transit, while even in case of 
disappointment, there would be the satisfaction of having proved the condition of 
that side of the country. The move was therefore mado to Dibdorah. 

B. Oira Valley.—In this part of the field, I had myself in 1884 cut down 
into 12 feet of the coal outcrop on the very edge of the coal-mcasures and 
with the fuel so raised a big camp-fire was kept going every night; only, there were 
always big lumps of partially consumed shale remaining with a great heap of ash 
in the morning. The coal itself was in thin bands with more or less intervening 
shale; but it seemed to me that about 4 feet of the seam dug out so far might bo 
taken as fair coal, and I hoped that improvement might be disclosed by boring. 
The objection to the place lay in its comparatively difficult approach from the line of 
railway, the Dibdorah measures being ina very narrow and enclosed valley below 
and on one side of the Hingir plateau. 

Two borings were put down near Dibdorah at about 800 fect apart and nearly 
with the line of dip; No. I was carried down 215 feet, and No. 2, close to outcrop 
already mentioned, to 131 feet. The work occupied a month, and was about as 
dismal an operation as could be watched from day to day with the weary drawing 
up of the usual disappointing carbonaceous shales and sandstones; and when the 
coal was struck the most of it was hardly worthy of the name. There was really 
little use in sending the samples down to Calcutta for assay, and I got Mr. 
Stewart to make rough experiments in a small iron cup by which we used to ascer- 
tain from 30 to 40 per cent. of ash, or perhaps a foot of somewhat better stuff was 
brought up at intervals which yielded from 17 to 20 per cent. We did however 
send samples from hole No. 2, that is from the seam giving the outcrop whenco 
I had extracted and burned coal: and here is the result :— 


Oira Valley, Dibdorah boring No. 2, 14-feet seam, 47 feet from surface. 





} 
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The whole plant was not however kept at work on these two borings alone ; 
for another boring was being tried and looked after about 8 miles to the north- 
ward close to the railway line near the village of Birapali, where I tried to get 
through the Kamthis, nearly always a troublesome matter owing to the hard nature 
of the sandstones and their frequent conglomeratic constitution. The rocks were 
very hard: it took 11 days to get down through the last 20 feet ; and as the season 
was getting on, and the Baisandar field must be tried as a last resource, orders 
were given to stop work on this side of the country. 

O. Baisandar Valley.—The transit across the Hingir plateau was made with 
considerable difficulty ; but, leaving Dibdorah on the 26th February, borings were 
in progress in the neighbourhood of Jhaprunga by the 8th March. There was not 
much time for trial between this and the end of the season (May lst); the country 
was quite new to us, and considerable local difficulties in the way of labour and sup- 
plies had to be overcome, while the mining assistant was badly hampered by sickness 
himself, and sickness among his followers,one of whom(the foreman blacksmith) 
had died at Dibdorah. However, a great push was made and four holes (one supple- 
mentary on the breaking of a chisel in No. 2) were carried out at likely spots. 

As on other sides of the platean, except in the Lillari Valley, there is only a 
narrow belt of the Barakars or coal-measures exposed!in the immediate river 
valley ; the overlying Kamthis coming in along the southern side rather quickly 
and forming all the rather high flat-topped group of the Garjan (1,947 feet) hills. 
It would have taken too long to try the ground by a set of holes along the dip, as 
in the 2nd and 3rd of these [ should have had most likely to get through Kamthis, 
which practically comes to very slow boring. The thing was to get an idea as to 
whether there was any good seam to work on ; and I chose three sites along the 
strike, that is parallel with the Jhajia nala and the Baisandar after their junc- 
tion, at sufficient intervals for any chance of improvement in the seams on their 
lateral extension. Sites for holes Nos. 1, 2, and 3 were selected respectively near 
Gopalpali, Ratansarai, and Bankibahal. The Ratansarai boring had to be aban- 
doned owing to the breaking of a chisel short off at the shoulder, which could not 
be extricated ; but the supplementary hole 2a sunk further to the south had not 
reached the coal seam by the close of the season. Indeed, the work could not 
have been carried on any longer ; for by that time Mr. Stewart had to be carried 
in to Sambalpur for medical advice and treatment, 

A reference to the plate will show the rather varied character of the seams and 
associated strata: and I should have found it difficult to connect them had not 
the notes made by Mr. Ball of the river sections been on record.! In the bore- 
section No. 1 the upper coal seam with its great thickness of carbonaceous shales 
below and good thickness of similar shales and coal seams above, answers to the 
rather thicker outcrop in the natural exposure on the Tikripara ghat. The 25-foot 
seam at the bottom of the bore is on the other hand not represented in Mr. Ball’s 
168-foot section on the Baisandar-Jhajia junction (op. cit., p. 103), though his 
long list of coal shales, paper coal, &c., near the bottom may be taken as a repre- 
sentative condition of it. Boring No. 2 struck coal at once almost (16 feet, seam 
a), but the thick sandstones and shales below it are not so easily brought into 


a Ree. G. 8. of I, IV, pp. 103.5. 
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connection with the shales below (a) in No. 1, until judged by tho light of the 
following extract from Mr. Ball’s paper :— 

‘Inthe bed of the Jhajia river westward the largo seam becomes much broken 
up by interpolations of sandstones and shales, and with the dying out of the coaly 
bands the change is so complete that it is impossible to recognize it or trace 
any portion of it through successive reaches.” 

The seam referred to here is of shales; and it is just such a change as this 
which would tie in with the rather extreme variation displayed in the two bore- 
holes at either end of the area. The two lower seams of coal in hole No. 2 would 
answer to the thick seam (b) in No. 1. 

The strata and coal beds met with in bore-hole No. 3, with tho exception of 
the upper coal, do not answer satisfactorily to thoso in 1 and 2, tho hole being 
mostly in beds which are below, or lower than those in 1 and 2, the auger having 
almost immediately penetrated a thick coal seam answering to that in the bottom 
of No.1. The sandstones at the bottom of the measures have evidently also thick- 
ened out a good deal in the direction of Bankibahal. 

These borings have altogether pierced an aggregate thickness of about 300 foet 
of Barakars, and have proved the existence of four seams of coal, The coal is how- 
ever no better than that found over the rest of the country ; thatfrom holes 1 and 
3 was not worth assay, though no doubt there are occasional thin bands or lay- 
ers of good quality separated unfortunately by thicker bands of shalo. Rough 
assays in the field seldom gave less than 40 per cent. of ash; and similar trials 
of coal from the outcrops near Bankibahal, the Tikripara ghat, and to the north 
of the No. 1 or Gopalpali boring, confirmed these. 

An exposure close to the Ratansarai or No. 2 hole was the other way ; in fact 
somewhat after the manner of the outcrop I have already roferred to at Dibdorah, 
in so far as it differed materially from the miserable stuff brought up from the 
bore-hole. The outcrop occurs in a small ravine a short distance north of Ratan- 
sarai,and Mr. Stewart cleared away about five feet of the seam which is underlaid 
by a band of shale. Thereare thin layers of shale in this five feot, and one of iron 
pyrites ; but four feet from which he took eight samples of each layor or band of 
coal, yielded the followimg rough assays :— 


No, 1.—Moisture : ; : : 8:00 
Ash (greyish white) : ‘ . 22°00 
No. 2.—Moisture ¥ ‘ “ ‘ 800 
Ash (greyish white) ; 32 00 
No. 8.—Moisture : ; : . 10°00 
Ash (whitish red) . : : . 1600 
No. 4.—Moisture - : : : 10:00 
Ash (dark grey) . : : 7°00 
No. 5.—Moisture ‘ F : 12 00 
Ash (greyish white) . . 6 00 
No. 6.—Moisture : ; ; : 5:00 
Ash (greyish mite : ‘ : 900 
No. 7.—Moisture : : : . 8 00 
Ash (whitish os ‘ : . 13:00 
No, 8.—Moisture 5 : : ; 8:00 


Ash (whitish grey) . : . - 1600 
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Fair specimens from the same layers were sent to me, and have been tested in 
the laboratory. 


Ooal from outcrop near Ratansarat near bore-hole No. 2, Batsandar Valley. 


























=a 4 feet ~\ 
1 2 3 4 5 6 7 8 
Moisture . ‘ ; ; 7°08 3°72 9°48 7°36 | 12°26 8°94 6°88 5°26 
Volatile matter (exclusive 
of moisture) : ; 94) 2498; 28°58] 31°00 | 30°62 | 32°66 | 82°82] 29°58 
Fixed carbon . : .| 42°48 | 29°20; 88°12; 43°08 | 50°60| 46°32] 41°62) 87°82 
Ash . ‘ : : .| 22°50] 42°10) 28°82| 18°56 652 | 1208) 18°68] 27-84 


ere ere eee We eed Fee ene | ee ee 


100°00 | 100°00 | 100°00 | 100°00 | 100°00 | 100°00 | 100°00 | 100°00 


ee a 
Sinters slightly. Cakes, but not strongly. 


Ash, light-reddish grey, slightly varying in shade. 


Such a difference as this between coal at the outcrop and the samples from 
the bore-hole which Mr. Stewart did not think worth sending to Calcutta for 
assay is remarkable, though not much more remarkable than that between 
the Dibdorah exhibitions, and it certainly seems to throw some doubt on estimates 
made on boring samples. ‘Indeed, Mr. Stewart tries to account for the difference 
by an inference that the coal from the bore-hole may often get mixed up with 
a good deal of shale fallen down from the sides of the hole, and that the lighter 
coal passes off in washing. Doubtless such a mixture may take place to some 
small extent, but I do not think appreciably so; the hole is always cleaned out 
foot by foot before the chisel is set to work on afresh 12 inches of descent, 
while the lowering and drawing up of the sludge-pump must as a rule smooth 
off any asperities in the hole fairly well. Thus, the only shale that can ordi- 
nerily fall is such as might be knocked off in the descent of the chisel and 
rods for,the next operation, and their withdrawal prior to sending down the 
sludge-pump for the new stuff. Experience in the Chanda, Rewah, and I think 
in nearly all cases where coal has been worked on our boring, has shown 
that the bore-assays give a fair estimate of the capabilities of the coal, from 
which even a slight reduction must be made to tally with the results exhibited 
on actual work. 

It must also be noted thatit is only the fragments of coal and coaly shale 
obtained from working of the material brought up which are assayed ; it being 
more by practice and a knack of sampling and fingering that a boring expert 
can judge of whether the material can be considered @ coal with more or less 
of shaly partings, or a ehale with more or less of coaly laminm, or a coal altogether. 
I have full confidence in Mr. Stewart being an expert of this stamp, and an honest 
one too. 
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As it is, all the boring sections which we have carried out agroe fairly well 
in their exhibition of the poorness of the seams of coal such as it is, and I can 
only come to the conclusion that the outcrop near Ratansarai, as well as that near 
Dibdorah, is rather an evidence of local and rare occurrences of good coal than 
that the boring sections indicate local falling-off in the quality of the seams gene- 
rally. 

It would have been satisfactory had the supplementary boring No. 2a been 
carried down even through the seam already mot with in No. 2, if only as a sort 
of check on its display of evident depreciation on the outcrop, but this could not 
be done ; and were it not that the whole evidence is so much against any improve- 
ment, I would almost like to carry on that hole before removing the boring plant 
which is now stored at Jhaprunga. 

In considering the operations which have now been carried out, it is to bo 
noted that after all only three sides, except in the upper portion of the Lillari 
Valley, of this large arca have been tested; a considerable portion remaining 
unexplored in the middle or upland of the Hingir plateau. In theo first place, 
the most promising portions of those edges havo been tested ; while I am pretty 
certain from my examination of the outcrops on the north-castcrn side, that is, in 
the Dulunga, or Godadia Valley, that there is no hope of more promising boring 
in that direction. The Lillari borings near Chowdibahal are only 4 or 5 miles 
from the Godadia Valley, the interval being covered up by Kamthis; itis ex- 
tremely unlikely that there should be any improvement in that interval other than 
perhaps locally and of insufficient extent for railway requirement, Thero isa 
further place of coal outcrops between the Lillari and Oira Valley sections, namely, 
that of Lakanpur or the Bagdia Valley, where denudation of the overlying Kamthis 
has given a bay or broad indentation displaying a good many of tho beds and 
some of the seams already met with on the Inllari and on the Oira. I have exam- 
ined the Lakanpur outcrops, and they are just of the character now so well known 
all round the country. 

There remains a long strip of Barakars, showing however no coal, on tho south- 
western side and in the neighbourhood of Hingir which might be tested; but 
I have no ground to go on, not even the lingering chance that here there should 
be for once in a way a richer part of the field thananywhere else. It will be seen 
presently from my account of the Pazar area of Barakars, some 8 or 10 miles 
to the north, that my abandonment of this Hingir tract is not due merely to 
opinion and despondency. Next, as for the upland itself which we have not 
attemped to penetrate: it is made up of the covering Kamthis, which would have 
to be pierced before reaching the Barakars underneath, as a rule to depths rang- 
ing up to 300 feet, the strata themselves being often very hard and intractable. 
This depth at least is not overpowering; but even 86, it is a question whcther 
higher Barakars than those we have touched would be found. 

The relation of the Kamthis to the Barakars in this area has always been 
looked on as one at least of overlap, if not of unconformity, Mr. Ball having had 
rather a strong leaning to the latter condition. I myself have only one section of 
what I can look on as showing unconformity, in the Jhajia Valley, and even it is 
obscured by what looks like a land-slip or slide of the Kamthi sandstone cliffs 


- D2 
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bordering the river over the coal-measures in the bed. The whole facies of the 
occurrence of the one formation on the other, especially along the south-western 
edge of the field, has however gradually led me to concur in Mr, Ball’s view of 
there being an unconformity, even if only a slightly discordant one, the difference 
in the general lie being on the whole only slight. If the unconformity exist, 
as we are more inclined to consider is the case, then the coal-measures, 
lying as they do in a flat basin, were planed down to a certain level before the 
deposition of the Kamthis : and I think I have every reason for considering that 
the Chowdibahal borings were commenced in very nearly, if not quite, the high- 
est coal seams left by that planing. On the other hand, if the relation is merely 
that of overlap, these Chowdibahal seams are certainly the highest in the mea- 
sures; and the Kamthis overlying them conformably, and therefore also in flat 
basonal form, will run somewhat to the deep and merely offer greater thickness 
for boring than I have suggested above. 

The whole question about the plateau practically turns on any probability of 
the coal in the seams already tried improving to the deep: and on the thickness 
of overlying Kamthis to be pierced. The first is really after alla matter of opinion 
guided by experience; and I would put it this way: all the area of the plateau 
south of thé line of railway can be very fairly judged of by what we know from 
the borings, and they are against any improvement to the deep thus far. The 
Baisandar Valley, that of Dulunga, and the denuded inlier of Barakars 8 miles 
north-west of Hingir give very much the same prospects for the seams to the deep 
on that side, for a considerable distance inwards from the edge of the plateau. 
There remains then an inner tract north-west of the railway, and west of Hin- 
gir, which is practically unworkable owing to the great thickness of Kamthis, 
and the extremely uneven and broken condition of that part of the upland.! 
We have the levels on the railway trace, which is run along the lowest part of the 
plateau, giving about 745 feet as the height of the upper part of the coal-mea- 
sures at either edge of the plateau. The Hingir Road station is at 824 feet over 
sea-level : the top seam of coal in No. 2a of the Lillari Valley section is probably 
about 252 feet below the station: there being a rise up again of the dip from the 
axis of the basonal lie, which runs across about half-way between Chowdibahal 
and the station. This axis curves round to the north-west after this and runs 
up the middle of the plateau, so that the dip of the beds from the north-east 
or south-west on either side is towards that line. The coal seams will therefore 
deepen, or are at their lowest in the tract now under consideration. But the 
country gains considerably in elevation in this line of axis, going north-west from 
the line of railway,—so considerably indeed that at least 300 feet of Kamthis, 
and these often of the most intractable kind from their conglomeratic and ferru- 
ginously banded constitu#ion, would have to be pierced before the Barakars could 
be touched. The conditions of the ground and the thickness of the upper sand- 
stone are here the known factors; the probability of the coal being better under- 
neath is more than ever a matter of opinion, and I am compelled to fall back on 
the simple belief that the probability of such a change is very small. 

D. Pazar Valley.—On the northern edge of the Hingir-Raigarh plateau there 


2 Most inefficiently, and indeed incorrectly, delineated on the one-inch map. 
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is the rather extensive tract of Barakars watered by the upper tributaries of the 
Kelo and Kurket Rivers. It was, like all this part of the country, surveyed and 
reported on in a preliminary way by Mr. Ball; while I also had an opportunity 
of seeing its southern edge in one of my marches. Every now and then, promis- 
ing-looking fragments of coal are picked up in the lower courses of these two 
streams ; but they are always thin and are evidently derived from the 2 to 3 or 
4-inch layers of good coal occurring so frequently in tho thick seams of carbona- 
ceous and grey shales. The only somewhat promising exposure met with by Mr. 
Ball is thus described by him:! ‘In the Bendia (near the mouth), which joins 
the Kelo at Gari, there is a considerable seam— 


Ascending—Dip irregular, southwards 5°. 


1, Carbonaceous shales, bedding irregular with some slight coualy layera 


towards base _. ; . 4-5" oO" 
2. Coal, portions fluky, but for the most part burnable, aritielt wea- 

thered 4 10" 
3. Parting, ferruginous sandstones . ; 0 6" 
4 Flaky coal, with carbonaceous shales excessiv vale weathe ‘red ‘and de- 

composed ; . , : : ‘ . . : 6 0 


16° 4°-16 4” 


“IT think it possible some good coal might be extracted from this scam. In its 
present decomposed condition even, it is easy to sec from the manner of weathering 
that good or fair coal exists. The thicknesses given above do not hold for all parts 
of the seam.” 

Mr. J. G. Goodridge, C.S., Deputy Commissioner of Sambalpur, while on tour 
this year in that part of the country, picked up a largo fragment of almost pure 
jetty coal, about 4 inches in thickness, from a shale outcrop, I havo not much hope 
of this field, but even were the indications better, the field is not at all convenient 
to the line of railway, except perhaps on the western and eastern sides. On the 
latter there is an opening by the Baisandar Valley with a distanco of about 40 
miles to Rajpur, where it is proposed to have a station; but the country is deci- 
dedly more open to the west by the Kurket to its junction with the Mand, in 
which direction there would be about the same distance to the railway crossing 
of the latter river north-north-west of Raigarh. The southern side of the field is 
quite closed in by the rather lofty and scarped hilly masses of the Hingir plateau. 


2.—WESTERN FIELDS, 


There still remains a great area of this Chhattisgarh coal-measure tract which 
according to some views presents rather more promising indications, and which 
will certainly have to be bored before any newer opinion can be formed on its 
capabilities. So long ago as 1870, Mr. W. T. Blanford brought the Korba Coal- 
field into rather favourable notice *, and later still, Mr. Ball described the Mand 
Coal-field in some detail®, while I have myself during the last two seasons’ work 


1 Rec. G. 8. of I., IV., p. 106. 
2 Rec. G.S, of I., IIT, p. 54. 
3 Rec. G. 8. of I., XV., p. 172. 
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with the help of Sub-Assistant Hira Lal almost completed the survey of them 
and the intervening country, also of coal-measures. 

A. Mand Vailley.—This field is the nearer of the two to the line of railway, 
though it gives but a poor show of conveniently accessible coal outcrops. It is 
about 35 miles long from south to north, the southern end being about 10 miles 
from the proposed railway crossing of the Mand River at 14 miles west-north- 
west of Raigarh. Mr, Ball comes to the following conclusion, based on his 
survey of the eastern side of the tract :—“ In reference to the economic prospects 
of this valley, I am distinctly inclined to regard them favourably. While it must 
be admitted that the majority of the seams which have been examined, ag they 
happen to be exposed, do not disclose coal useful in quantity and quality, it 
should be remembered that the sections are much covered and the disturbance of 
the beds (excepting in the few noted instances) has not proved sufficient to give 
anywhere a complete section of the succession actually existing.” 

My own observations were confined to the western side of the valley, over 
which ground there are every now and then exposures of shales and coal in the 
stream beds, particularly in the Bijakharra, the upper course of which after 
leaving the hills runs for a mile and more in a foot and half band of coal occurring 
in a seven-foot seam of shales. Lower down this river there are outcrops of yet 
lower shales,—9 feet thick, with thin layers, over 18 inches—of coal. Traces of, I 
think, the same seams are met with in most of the watercourses and larger 
streams to the north, but all the seams are poor, and it is only at the extreme 
northern end about Amaldiha that any improvement is observable—as in the bed of 
the Gopal nala, which for several hundred yards is formed by a 2-foot seam 
of very good-looking coal, associated with a 4 to 6-foot band of shales, 

Our combined observations tend to the conclusion that the northern half of 
this field bears a strong resemblance to the condition of affairs in the Rampur field : 
perhaps the coal looks a little better, as at Amaldiha; so that Mr. Ball may be 
considered. to have formed about the most favourable view possible as to its capabi- 
lities, The worst feature about the northern end is, however, the wild jungly and 
out-of-the-way character of the country, making it so ill-suited for working the 
coal if iteven exist in sufficient quantity and quality, and the getting it out of the 

lace. 

- On the other hand, the southern end, though it be near the line of railway, 
does not show any good coal, and over a great part of it no coal at all. At the 
same time, the style of the rocks is promising; that is, the sandstones struck me 
as having a more decided Barakar facies of the right sort (as displayed for in- 
stance over the Wardha Valley (Chanda) and in the Godavari Valley,) being mas- 
sive and thick-bedded, and of more uniformly pale grey or buff colours; while there 
is a fair display of underlying characteristic Talchirs on either side, At this end, 
there is a quadrilateral tract of some $2 square miles in extent of those sandstones 
which might, I am strongly inclined to think, yield better results than those 
hitherto attained. One bore-hole ought to help judgment as to whether there 
will be any use in going on further in that quadrilateral; while, in case of disap- 
pointment, a few holes might be run down higher up the valley to save any 
chance of finding coal within a reasonable distance of the railway. 
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B. Korba.—This town is about 26 miles north of the railway trace, and coal 
from any part of its field would have to be carried that, or a somewhat longer—up 
to 30 miles—distance. Its chief coal exposure has the advantage of having been 
reported on by Mr. W. T. Blanford, who was one of our most wise and cautious ex- 
perts ; hence it hardly befits me to offer any qualification on his opinion as to tho 
merits of the field, except in so far as it may arise out of my subsequent closor sur- 
vey of the ground. His report was written in camp (18th April) without having 
had his specimens of coal tested in the laboratory, but a list of their assays (dated 
May 9th) is appended to his paper; and that list goes far to show, not so much 
that the coal was on the whole less promising than he had anticipated, as that it is 
really after all very much the style of coal we have found in the Rampur field, 
and that a similar prevalence of thick bands of shales with, it may be, only thin 
seams of coal is the characteristic foature of the Chhattisgarh arca, Of his assays, 
there is only one case—and that is in the lower two feet of a 4-foot band in the 
great 70-foot seam—of a decent coal, giving :—fixed carbon 60°5 por cent., volatilos 
29°5 per cent,, and ash 10 per cent. The average ash in his othor samples is at 
the rate of 30°7 per cent. The finding of local developments of workable coal in 
this rather large area by boring, will be after all very much like looking for a 
needle in a bundle of hay. Hence the exploration must continue as hithorto a 
labour of trying likely places within reasonable reach of the railway. Failing that, 
the finding of coal must be left to the luck of privato venture. 

The great seam should, of course, bo tried first on the selection of sitos sug- 
gested by Mr. Blanford, Next, a locality or two, somewhat more out of the way, 
but giving a show of somewhat better coal, can be tried. The area of coal-mea- 
sures stretching to the westward of the Hasdu River has been closely surveyod by 
Sub-Assistant Hira Lal, and he reports at least one rather good outcrop on the 
Aharan River near Sumedha, giving 5 feet 3 inches of coal, which yielded tho fol- 
lowing assay ;— 


Moisture. . . . . . . : ; . 862 
Volatiles (exclusive of moisturc) .  . , . - «+ 8003 
Fixed carbon a e ° e * ® e e e a 54°65 
Ash ' . . ° . . . . , : . 680 

100-00 


There is no further exposure, so nothing can be said of the extent of the coal 
to the deep, or laterally. 

Lastly, it is extremely difficult to form an estimate as to how long it may 
take to complete a sufficient exploration of these areas by boring; but as far as I 
can see at present, if the Mand Valley is to be abandoned early, that ground and 
the immediate neighbourhood of Korba might be examined during the coming 
season. On the least encouragement in the Mand, it would however be advis- 
able to work slowly and gradually, thereby perchance necessitating the keeping 
of the work in that field for the season. 
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APPENDIX. 


Bozina JOURNALS OF THE ASSISTANT MINING ENGINBER, RamMPuR CoALeFIRLD. 


No. 1 Bore-hole, Inliart Vaviey. 


Thickness 

Strata passed through. of bed, in 
feet. 
Surface soil and clays i ; : ; ; ‘ ‘ ; : : 12 
Hard red clay-stone : ‘ : : : ‘ . , : ; ° 1 
Coarse brown sandstone ‘ , ; ‘ ‘ : ; . : . : 3 
Yellow clay : : : : ; ; ; ° : ‘ : : ° 1 
White mottled clay : ‘ ‘ ; ° ‘ ‘ ° ; ‘ . . 10 


Red mottled clay . . ; , , ‘ . ° . ° ; . 
Yellow mottled clay . ; : ‘ ‘ : ; : : . ° ° 


Carbonaceous clay ‘ ; : , ‘ . ‘ : . : ; ‘ 
* shaly sandstone ; ‘ : ‘ . ‘ : ‘ 
Yellow Pe ‘ : : . j ; 3 - : : 
Carbonaceous shale and sandatone ; ‘ : . . : ; ‘ ; . 
White sandstone . ° . ; ‘ : ° . ; ‘ , . . 
Carbonaceous clay and shale . : : ; ‘ ‘ . ° : : . 
Coal . ° : . . . : , . ‘ : . 
Carbonaceous shale and sandstone ; . . : . ‘ ‘ ‘ ‘ : 
Coal . . . ‘ : . ‘ ; ‘ . : ° e 
Carbonaceous shale and Coal : . : , : ‘ . . . : ‘ 
White shaly sandstone . . . . . : : ; 
Carbonaceous shaly sandstone . ; ; : . . . . 
White sandstone . ‘ , ° . . . . ° . . 
Yellow shaly sandstone . . ‘ “ . ° : . . ‘ 
Carbonaceous shaly sandstone ‘ . ° : ° ‘ ° : ; . 
Be shale ‘ : . ° ° Z ° ‘ : . : 
Coarse shaly sandstone . . : . . : , ‘ . ‘ . 
Coal . ‘ ° ‘ : ;: ° . : 
Carbonaceous shaly sandstone ° ° ; . . . ° 
Shaly sandstone . ° . ‘ . . . . 


ti) shale es e es e 6 e 
White sandstone . ‘ ‘ ‘ ‘ é ; 


Carbonaceous shaly sandstone , : : ‘ : . 


Yellow shaly sandstone . , ° , . ; ; . ° ‘ . . 
Carbonaceous _,, , ‘ ‘ : : ‘ ‘ ; : 
A and shely sandstone : P : . : ‘ . . ° 
Coal and shale. ‘ : : ° ‘ : ; ‘ 
Carbonaceous shale and shaly sandstone ; : ; ‘ . ; ‘ : ‘ 
Coal ., : ‘ ; ‘ ° ;: ‘ ‘ , 
Carbonaceous shale and shaly sandstone ° : , : ‘ : ; . ‘ 
Coal . . : : ° . . ° ‘ ° . . 
Grey shaly sandstone . ‘ ; ‘ . . ‘ ‘ . ; , . 
Carbonaceous shale ‘ ° ° , . ‘ . ‘ ° ° ; 
- shaly sandstone | : : ; ; : ee ? : 


pul 
| OSKeNHAOhRHE SO NWOWOrFAAOWoaonNT ND NRF OWE rH rw OndONOraontd Ow 


3 
z 
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No.1 Bore-hole, Lillari Falley,—oomtd. 


Strata passed through. 
Brought forward 
Carbonaceous shalo ; ; . . , : ‘ ° ‘ 
. shaly sandstone ‘ : . ‘ . , ‘ 
9 shile ° ° e ° e ° ° ° e ‘ * 
Grey shaly sandstone . . : ° . 
Carbonaceous shule and shaly sandstone ; - , : 
+ shale . ° . . : ; ‘ : 
* shaly sandstone : . ; : . ; ‘ ; . 
Grey shaly sandstone ‘ . : ; . 
Coal . ‘ : ° . ‘ . . : 
Grey shaly sandstone : ‘ , . ; 
Yellow ,, m ‘: ; 5 ‘ . , 
Carbonaceous shaly sandstone F : ‘ ‘ : : 
s shale : : ‘. ; ‘ ; ‘ . 
Coal . ; ‘ ; ‘ : : : . 
Carbonaceous shale and Coal . : ‘ ‘ : 
Coal . ‘ : : , ; ‘ : ; ‘ 
Carbonaceous shale and shaly sanilatoue : : - 2 j e 


» and grey shaly sandstone . : : : ; ‘ 
White sandstone : : 


ToTaL 


225 


Thickness 
of bed, in 
fuet. 


~~) 
~; 
7) 


eo te~ 


nw 
Qcrreanraw nes we Rh 


225 


Water tapped at 12 feet from surface. Work commenced 9th December 1884, stopped 6th 


February 1885. 
No. 2 Bore-hole, Lillari Valley. 
Strata passed through. 

Surface soil and clays . . : ‘ . ° ; ‘ 
Yellow coarse shaly sandstone . ‘ ° : ° ° ° : 
Yellow and red sandstone ‘ ; . F 7 . ‘. : ° ; 
Brown and yellow sandstone . ‘ ° . ° . ° : ‘ : 
Yellow sandstone . F : ° ; ° “ ; ; . . ° 
Brown 39 e e . ° e Ld bd s e e ® t 
Yellow and white coarse sandstone ; ‘ ‘ ‘: P ° 


Coarse red sandstone. ; 
Red clay-stone , ‘ 
Brick red sandstone. ° 
Red-sandstone . ° ° 
Light-brown sandstone . ‘ 


ToraL 


Water tapped at 12 feet. Commenced 5th, abandonod 31st January 1885. 


Thickness 
of bed, in 
feet. 


12 
16 


MeO OTH OD 


76 
12 


159 
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“No. 2a Bore-hole, Litiari Valley. 


Thickness 

Strata passed through. of nes in 
Red sandstone : ; , : ; : ‘ ; ; ; : 4 
Brown sandstone . ‘ . ‘ : : : ; ; ‘ ° ‘ 2 
Yellow is : : : ‘ : : ; , ; : : : 2 
Light-brown sandstone ‘ P . . ‘ : ‘ ‘ ° . ‘ ° 4 
Dark-brown ‘“ . . . ; ‘ ‘ ‘ ; ‘ : ° < 11 
Light-brown P ‘ ; ‘ ; : ; : ; ; ; , 16 
Dark-brown = ‘ : ‘ ‘ ‘< Z ‘ ; ‘ P ; ; 9 
Red P ; , 2 ‘ : . r ‘ : ; . : 41 
Light-brown ‘i ‘ : ‘ ° . : : ‘ ‘ . ‘ : 
Red ” ‘ P : P ‘ ‘. ; ‘ E , ; ‘ 
Red and brown __ise~, ; ‘ - 5 ; ; ; ‘ : 3 
Red clay-stone . . . ‘ ‘ . ° ‘ ° e 
Dark-brown and carbonaceous while: . : : ; : ‘ ; 
Brown shaly sandstone . ‘ ° : . . : . . P 
Blue and brown sandstone : : ‘ 


Blue and grey ” 
Fine blue ‘s 
Blue and grey ”» : ‘ : ; ‘ 
Slightly carbonaceous fine shaly sandstone . : : ‘ . : : 


bt ot OOO = BO oe CO 80 DO Dm ft re 2 OO bm oo 


Carbonaceous shale : ‘ ¢ . : 5 ‘ ? 
‘ » witha ttle peal aaa. grey shaly sandstone , é ; 
‘i shaly sandstone ‘ ‘ ° . ° ‘ ‘ , . 
na shale ; , . ° ; . : ; . : . 
Grey shaly sandstone. ; . . : ; : 7 
Carbonaceous shale ‘ : : : : ; ; ‘ : 
a shaily sandstone . . . ; : ‘ : ‘ 1 
‘ shale . : ‘ ; ‘ : : : ; ‘ 
‘ shaly sandstone ‘ ‘ ‘ ° ‘ ‘ . ; ; ; 
A shale ‘ ° e ° ° e ° e e « ° e 1 
Grey shaly sandstone. . ‘ . . ; ° . . : ‘ : 1 
Carbonaceous shale : ° ‘ ‘ 2 ° ; : : * ; : 8 
Coal . ‘ : : : A ‘ : ‘ ; ‘ ;. ° 6 
Carbonaceous shale : ° : ° ° ‘ ; ; ; : 6 
Grey sandstone. . . ° : . ° . ‘ ° 8 
Coal rm e ° e e ° ° e ° e 1 
Carbonaceous shale ; ° : : ‘ : - ° ; ° : ; 7 
Grey sandstone. ‘ ° : . . ° . ‘ . ; Pe 6 
Carbonaceous shale ; ‘ : : ‘ . : ° 4 ° ‘ ‘ 6 
Grey sandstone , ° ° ° e e ° ° r ® e é ; 6 
Carbonaceous shale : : ; é : é P ° . ‘ 2 2 
Coal and shale. : ‘ ‘ . ° ‘ : . ‘ ‘ ‘ 10 
Shaly sandstone . . : : ‘ : . : ‘ ° ° ‘ 3 
Grey shaly sandstone e e ° ° e e ° ° e ° e ° 6 
Carbonaceous shale . . , ‘ ° : 2 ‘. : ° ‘ 2 
Ooek . : 7 * . ° ° e ; 7 ‘ ‘ P r ‘ 1 
Carbonaceous shale ® e e e & ® e e e e e e l 
Grey shaly sandstone e *,. ° 8 ° ° ® * ® e . 7 
Toran - 250 


Water tapped at 7 feet. Work commenced [6th February, stopped lst May 1895, qlose of season, 
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No. 3 Bore-hole, Lillari Valley. 


Strata passed through. 
Surface soil : ; : ‘ ; ; ‘ : : 
Yellow coarse sandstone ‘ ; ; : P : ;: 
» and white mottled seuulatone ‘ 
Brown sandstone . ‘ ; ‘ F 


Red clay-stone re] e ° . 2 e e e . 
» sandstone 


Yellow ,, : ‘ : ‘ : 
Red . : : ; ‘ ‘ 
» Clay-stone . é : ‘ ‘ ‘ ‘ 

Brown 99 e ° ° ° e . 
Dark brown and black shaly sandstone : : ‘ ‘ , ‘ : : 
Cavbonaceous shaly sandstone, with a little coal : ; : ‘ . : 
Brown sandstone and carbonaceous shale . 
Grey and brown shaly sandstono_.. ; : . : , : ; 
Dark brown o es A ; : ‘ : P : ‘ . 
Hard light blue __,, is : F é F 3 ; ‘ : “ 
Carbonaceous o ‘ 
Hard grey 
Fine blue and bows shaly ‘sandstone 
Carbonaceous shaly sandstone . ; ; . - . ‘ 

shale : ‘ : ; ‘ : ‘ . 

9 shaly sandstone ‘ : ; ‘ . ; ‘ . 
Grey 99 ” ‘ ; : ; : : ; 
Carbonaceous __se=e=, 35 . : ‘ ; : z : 

5 shale. ; : ; . , . ; 
Coal . ; é ; : ‘ : : : . ‘ 
Carbonaceous shale ‘ : Z , . ; ‘ ‘ ‘ 
Grey shaly sandstone. ; : . ‘ . ‘ ; ‘ : ° 
Carbonaceous shale ‘ ‘. ‘“ , ; . ‘ ‘ : . 
Coal . ; ;: ; ; : ‘ : ; ° ; ; . 
Hard grey sandstone ° ° . ‘ ‘ ‘ . ° ° ; F 
Carbonaceous shaly sandstone ° ° : ‘ : ‘ ‘ 4 i 
Coal . ; . : ; . ‘ . « ‘ ; : 
Carbonaceous shale ; ; : ‘ : ‘ i : : ‘ 
Grey sandstone. ‘ ‘ : ‘ ‘ . F ° ‘ 
Carbonaceous shale > é : ; ‘ ‘ ‘ ; ; 
Coal . ‘ : , ‘ : ; ‘ s 


Grey sandstone. ; . : . ° : ; ; 


TOTAL 


227 


Thickness 
of hed, in 
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Beewom mae 


pub 
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Water tapped at 5 feet. Commenced 13th January, stopped 1st May 1885, close of season. 


No. 4 Bore-hole, Lillari Valley. 


Strata passed through. 
Surface soil es ea » e a es 2 e e e * e 
Iron stone shaly‘band . ° : . . ‘ : ; ° ‘ 
Various clays : . : ‘ ; : : : : . : 


Thickness 
of bed, in 
feet. 


5 
1 
il 


17 
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No. 4 Bore-hoie, Lillart Vailey,—contd. 


Strata passed through. 

Brought forward 

Brown shaly sandstone , . ; . ; ; ‘ ; ‘ , : 
Carbonaceous shaly sandstone : ‘ ° : : : : d ° 
Grey and brown shaly sandstone’... ; ‘ ; . ‘ : ; . 
Carbonaceous shale : a ; ‘ ‘ : : , . ‘ ° 
5 shaly sandstone ‘ ° ‘ . , ; , : ° 

9 shale e ° * ° e . ° e e ° e 

Coal e e e e e s e e e e e 6 s e 


Grey shaly sandstone. ° ‘ , ° : ° 5 ; ° 
Coal and shale. ‘ ‘ : : ‘ . ‘ 
Carbonaceous shale ° , : ‘ ‘ : ‘ : . 
ia shely sandstone ; ‘ ‘ : ‘ : ; 
» shale and grey shaly sandatonie . : ; ° ; ° 
White sandstone . ‘ . : ‘ . ; ‘ ‘ 


Carbonaceous shale ‘ . ; ‘ ; - ‘ ; ; : . 
Coal . . : : ‘: ; : ‘ : ‘ ‘ ; é 
Carbonaceous shale . ‘ ; ; : : : ; ; . 
7 shaly sandstone : ‘ ; . © 
es shale : ‘ ‘ é = : , ; 
Grey shaly sandstone. , ; ° ‘ ° ; ‘ P 
Carbonaceous shale - : : ‘ . ‘ : _ 
5 shaly sandstone ° ° . . : : 
Coal e e e ° e e e e e 
Carbonaceous ihate Z ; ; A ; : 
e shaly sandstone ‘ . 
Coal e ° * ° e ® ° ° ° . . e 
Carbonaceous shale ‘ ; é ‘ : : : ° ; ; : 
o- » and Coal. . ; ‘ : ‘ ‘ ; : 
Coal . ‘ ‘ j ‘ % ; . ‘ ‘ 
Carbonaceous shaly sandetone : . . : , ° . : ‘ 
Grey sandstone . : ‘ : ‘ . ‘ : . , 
White 56 ; ‘ i A ‘ ‘ ‘ : . ‘ 
Carbonaceous shui : ; : 3 ‘ ; . ; ‘ A 
Grey sandstone . ; : . : . , ‘ ‘ ‘ 
Carbonaceous shale ‘ ‘ ; ‘ P F : 
Coal ® ° e ° ° e e e e e e 
Grey sandstone ° . . ° ° . ° : . : : 
Carbonaceous clay ° : : . . . ° . ° : ° 
Grey sandstone . ° . ° . : . ‘ ; ‘ ; . 
Carbonaceous shale P ‘ : ‘ : ; ° . ‘ é ;: 
White sandstone . ‘ 3 ‘ : ‘ ; ‘j , . ‘ ‘ 
Carbonaceous shale e . s e e e ° e e ° . 
Coal ° e ® 8 e e e e e e ° e ® e 
Grey sandstone e ° ° e e Py e e ° e e e 
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Water tapped at 16 feet. Commenced February 7th, closed May Ist, 1885, close of scason. 


Pakt 4.) Kino: Boring Exploration ix the Chhattisgarh Coal-fields. 


No. 5 Bore-hole, Lillari Valley. 


Strata passed through. 


Surface soil : ; : ; ‘ 
Various clays , ° 
Dark brown shaly sandstone and clay 

Carbonaceous shale : : ; 


Fine grey shaly sandstone 

Carbonaceous shale 

Slightly carbonaceous fine shy andatons, 
Grey shaly sandstone . : ° 
Carbonaceous shaly sandstone. 

Grey and carbonaceous shaly sandstone 


Coal ., ; ; P : : 
Carbonaceous shale P : ‘ " 

is snaly sandstone 

ss shale ‘ 

= shaly sandstone 

es shale r ‘ 

and grey shaly sandstone 

White shaly sandstone : : 
Carbonaceous shaly sandstone 

is shale aud grey shaly saadletois 
Grey shaly sandstone : : 
Carbonaceous shale ; : ‘ , 
Coal . . ° ; ; 
Carbonaceous shale ; ; : 
Coal . ‘ : . ; 
Carbonaceous shale ‘ ‘ . : 
Coal and shaly sandstone ; . 
Carbonaceous shale ‘ ; : ‘ 
Hard grey shaly sandstone. ; : 


Coal j : : 
Grey shaly sandstone ; . ‘ 
Carbonaceous fine shaly sandstone 
* shale ° ; ‘ 
Grey shaly sandstone . , . ‘ 
Yellow and mottled clays . : ‘ 
Carbonaceous shaly sandstone 
White 3 93 . 
Grey 9 . 
White sandstone : ° - , 
Carbonaceous shaly sandstone : : 
e shale and coal , ° : 
Coal . : . : 
Carbonaceous shale and eeal : ‘ : 
Grey shaly sandstone. ; ; : 
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Water tapped at 14 feet, which flowed over surface to the end. Commenced November 20th, 1885, 


stopped 30th January 1886. 


230 Records of the Geological Survey of India. 


No. 6 Bore-hole, Lillari Valley. 


Strata passed through. 


Surface soil 

Soft brown sandstone . 
» yellow » ‘ ; : 
» brown rs with clay ‘ ‘ 

Brown sandy clay ° 

Grey shaly sandstone. ; 

Brown ,, a 

Carbonaceous shaly sandstone 

Grey » a 

Carbonaceous shale : ‘ 

‘i » andecoal ., : 2 

Coat . . 

Carbonaceous and arey shaly padetons aud seal 

Grey and carbonaceous shaly sandstone 


Carbonaceous shaly sandstone . : ‘ : : , 
Coai and carbonaceous shale . , . - . : 
Carbonaceous fine shaly sandstone . : 


Grey shaly sandstone. ° , ° 
Grey and yellow sandstone. ‘ ‘ . 
Grey shaly sandstone and coal 

Grey shaly sandstone . ; 


Yellow ,, ‘ é ‘. : P : 5 ; 

Carbonaceous shale . . ; ; 
n » and grey shaly sandstone ate : 
53 shaly sandstone . - ; : 


Grey shaly sandstone. : 


Coal . P ‘ ‘ 
Carbonaceous shale : : ‘ ; 
Coal . r ‘ : ‘ ‘; i 
Carbonaceous shale and aoa A i : ‘ ‘ 
Coal ; ; : é : 
Carbonacsous shale and foal P P , J ‘ ‘ : 
Coal . ; : ‘ ;: ‘i . - ° ‘ 
Carbonaceous shale and saat : é ‘ : é ‘. ‘ 
Coal . : : . ‘ : : ° ; : 
Carbonaceous shaly sandstone “ , é - ; 
‘ shale ‘ . i ‘ ° : a 
“i shaly sandstone . . . ; ‘ 
- shale’ S P ‘ - : . . 
“3 shaly sandstone ° ° : ° , 
i shale . * . ‘ 
- shaly sandstone ‘ ‘ : .. : 
a shale : . ‘ ‘ ;: ° . : 
ss shaly sandstone . ; : ‘ . . 
Yellow sandstone ‘: e ‘ - A 
White Pe : ‘ A ‘ ; 


Carbenaceous shaly sanintone: ‘ . “ : ; 
3 5 ehale e e s 6 s @ e e 
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Water tapped at 26 feet. Work commenced! 20th November 1885, stopped 29th January 1886. 


past 4.] Kine: Boring Exploration ts the Chhattisgarh Coal-fielde. 


No. 7 Bore-hole, Lillari Vailey. 


Strata passed through. 
Surface soil and various clays : ; . 
Vari-coloured shaly sandstones : . ; ‘ : ‘ 
Carbonaceous shale ‘ : ‘ ; : 
Coal and carbonaceous shale . ‘ : ‘ ‘ ‘ 
Carbonaceous shale 2 , ; : ‘ : : 
Coal ‘ ; ‘ : ‘ : : A ; 
Carbonaceous shale 3 ‘ : : 3 : . 
Grey shaly sandstone : ° : : ° ‘ ° 
Carbonaceous shale j ; : ld ‘ ‘ : 
Grey shaly sandstone. . : : : ‘ : ‘ 
Carbonaceous shale : ‘ : : : ; 
‘ shaly sandstone . ; ° ° . 
‘ and grey shaly sandstone . ‘ ‘ : ‘ 
- shaly sandstone . : ‘ 
“ shale ; , ‘ ; ‘ : ‘ ; 
we shaly sandstone ; ‘ ; 
ie and grey shaly sandstone . . ‘ ; 
és shale : é . ; : . ‘ ‘ 
ms fine shaly sandstone 
- shale : . : ; ‘ ; j ‘ 
7 mm and coal 
Coal , ‘ ; i ‘ é ;. ’ ; 
Carbonaceous shale : ; : ; : ‘ . 


Water tapped at 15 feet. Work commenced 4th, and stopped 20th January 1886. 


No. 8 Borehole, Inliari Valley. 


Strata passed through. 

Surface soil and clays . ‘ P ; : ; ; ; 
Vari-coloured sandstones and clays ‘ . . . . 
Slightly carbonaceous brown shaly sandstone . : . ° 
Oarbonaceous shale ; : , - r : ; ‘. 

% s witha little coal =. : : ‘. ‘ 

93 Led e . e e ° e e e 

9 grey shaly sandstone . . : . . 

‘6 shale : ° F ‘ ‘ é ° 

Pe fine shaly sandstone. ‘ : ‘ : ‘ 
Carbonaceous shale : ‘ . : . ‘ F A 

oe 3 and coal ‘: ; P mr . : 

= ws and shaly sandstone : 3 ‘ : 

ms “ and coal ; ; 4 

33 33 +] e ry rs e 2 ry e 
Coal and carbonaceous shale . " F A : ; . 
QOarbonaceous shale ; . . : : : ‘ . 
Coal : ‘. ‘ ‘ ‘ : . ‘ Fe 


TOTAL 
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Water tapped at 20 feet. Work commenced on the 4th, and stopped 24th January 1886. 
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No. 1 Bore-hole, Oira Valley. 


Strata passed through. 

Surface soil and various clays ‘ ‘ . : 
Vari-coloured shaly sandstones ‘ 
Carbonaceous ,, ”» : ‘ 

os shale : : , : 
Coal , ° ‘ : ° : . 
Carbonaceous shale 3 . : 
Coal . ; 
Carbonaceous shaly dawaeiae: : ‘ 
Grey shaly sandstone. ° ‘ . 
White fine soft sandstone : ; ; 
Carbonaceous shaly sandstone : ‘ 
White 99 99 ° ° e 
White and yellow ,, ss ° ; ‘ 
Carbonaceous m= ; ; 

- and grey shaly sandstone : i 

mt shaly sandstone : 
White shaly sandstone ‘ ; 
Brown and soft shaly sanistone . 
White shaly sandstone ‘ ‘ : ° 
Yellow and black clay ‘ ‘ : . 
White shaly sandstone ‘ . , . 
Yellow and white shaly sandstone . ; ‘ ‘ 
White sandstone ‘ ; ‘ : : ‘ 
Carbonaceous shale ; ‘ ‘ ‘ ‘ ; 

fe » andcoal . ° : ; 

»» Bhaly sandstone ‘ ; : 
Coal : ° . . , 
Carbonaceous shale ‘ ° 

sg » and shaly sandstone ‘ : 

me shaly sandstone ‘ 

mu shale. ‘ 

* », and grey ‘shaly sandstone . 

» shale. ; ° : < 

- Pm and coal st. - Ps : 
Coal . ° ; , 
Carbonaceous ‘and grey shaly sandstone ‘: : ; 
White sandstone ° : ‘ ‘ ‘ 
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Water tapped at 25 feet. Work commenced January 28th, stopped 26th February 1886. 


No. 2 Bore-hole, Oira Vatley. 
Strata passed through. 


Surface soil, sands, gravel, and clays 
Carbonaceous and grey shaly sandstone 


9» 8 e e 


as shale and coal ° ® 


Carried over 


Thickness 
of bed, in 
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part 4] Krxe: Boring Exploration ia ‘he Chhattisgarh Coal-tields. 


No. 2 Bore-hole, Oira Valley,—contd, 


Strata passed through. 


Carbonaccous and grey shaly sandstone, : ‘ : : 
. shale ; ‘ : ; : ; 
Coal . : - : : 
Carbonaceous shaly sandstone ; ‘ ; ; . ‘ 
Grey » n : ; ; . ° 
Carbonaceous shale : : ‘ ; ; : ‘ 


Water tapped at 9-feet. Work commenced February 7th, stopped 26th February 


No. 1 Boring, Batsundar Valley. 
Strata passed through. 


Surface soil and clay. ° . ° 
Vari-coloured sandstones and slagat in thin felle ; 
Carbonaceous shale 

Carbonaceous shale and grey shaly s. jaletons : . 
Fine grey shaly sandstone ‘ ‘ : : . ; ; 
Black shale . . 

Carboanceous shale anda a little aoa 
Fine carbonaceous shaly sandstone 

Carbonaceous and grey shaly sandstone . 


sh shale ; r 
a » andecoal . : . 
33 33 e » e ° e e 
Coal . ( ‘ : . : 
Carbonaceous shale : 


and grey shaly sxnilatone 
Black and grey shaly sandstone 
Carbonaceous shale . : 
Coal . 


Brought forward 


Torab 


"TOTAL 


23% 


Thickness 
of bed, in 
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39 
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1888. 
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87 
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Water tapped at 18 feet. Work commenced 9th March, stopped 30th April, for close of season. 
Progress much delayed through hard stone and breaking and extraction of chisel. 


No. 2 Bore-hole, Barsundar Valley. 


Strata passed through. 
Surface soiland clay . : : : ; : 
Carbonaceous shale ‘ . ‘ é : 
Coal , . 


Carbonaceous and | grey shaly sindatobe 


Carried over 


Thicknean 
of bed, iu 
feet. 


8 
1 
16 
1 


26 
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No. 2 Bore-kole, Baisandar Valley,—contd. 
Strata passed through, 


Brought foi ward 


Greyshalysandstonec . . ww lel lll 
Carbonaceous shale ss ; 

Slightly carbonaceous and Brey shaly sandstone 
Carbonaceous shale é ‘ ; 
Coal . , ‘ ; ; ‘ ‘ . 
Carbonaceous shale : ; ; : 
Coal . ‘ : : ; ‘ , ; 
Carbonaceous shale : : : : ; 

Grey shaly sandstone. : : ; : ‘ ; 
Carbonaceous shale ‘ : ‘ : ‘ ; ‘ 
Grey yellowish sandstone =. 232. lw ltl elt . & 
White coarse e  (% : ‘ . F : : ‘ ; 


TOTAL 


[VOL. XIX. 


Thickness 
of bed, in 
feet. 


26 
88 
16 
34 
16 
6 

. 6 
8 

8 

4 

9 

8 
168 


Water tapped at 22 feet. Work commenced 11th March, and stopped 15th April, through break- 


ing of chisel, which could not be extracted. 


No. 8 Bore-hole, Basandar Valley. 


Strata passed through. 
Surface clays .  . ; . x oe & ms 
Grey and carbonaceous shaly manitous Ce oe a ee ce 
Coal é e e e ‘ ° j ° ® e 


Carbonaceous and grey shaly si audstone : t- 3 . ‘ , 
Coal . Sz : ; 


Carbonaceous shaly sandstone , 

Slightly ,, ” a 

Carbonaceous _,, ae Se ee a a oe a ee 

Highly carbonaceous shale. : ; : os, &# i 
Carbonaceous shaly sandstone . 2 & mh A @ & ar. 
Coal . ‘ ; : ; ‘ . ; ; , ‘ ‘ ; ° 
Brown sandstone . ; ‘ . ‘ . ; . ; . 
Grey, mostly shaly, sandstone _ = : , ; ae , 
White shaly clay and fine sand A ee ee ee re ee ee 
White coarse sandstone ; , © 8 : . ; ; ‘ 


Toray 


Thickness 
of bed, in 
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Water tapped at 5 feet. Work commenced 16th March, closed lst May 1886, end of season. 
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Field-Notes from Afghanistan: (No. 3), Turkistan, by C. L. Griesracn, F.G.S., 
Geological Survey of India (on duty with the Afghan Boundary Commission). 


The geological reconnaissance which I carricd out in the spring of this yoar 
was limited to the confines of Afghan-Turkistain and the 
district of Bamidn, which embraces the area north of the 
Tirband-i-Turkistén with the mountainous country stretching north of tho Koh- 
i-Baba to the Oxus valley. 

The broad geographical features of Afghan-Turkistin are very simple. Thero 
are two distinct areas: a mountainons tract which occu 
pies the southern part, and wide-stretching low lands 
which skirt the hills northwards. The mountain area consists of a succession of 
parallel flexures of varying widths which strike west to east or nearly so; generally 
speaking the folds increase in absolute height and decrease in width as they ap- 
proach the main water-parting of Afghanistan. Alona line roughly defined as 
running south of Maimana to Sar-i-Pul, south of Balkh and Mazar-i-Sharif and 
thence south of Tashkirghin to Badakhshan, an unsymmetrical flexure ter- 
minates the hilly tract of Turkistén. This flexure presents a steep side towards 
the north, where it disappears below the turtiary and recent deposits which form 
the great Central Asian plains. 

The principal ranges thus formed are: the Koh-i-Baba, one of the links in 
the chain of the great watershed of Afghanist4n. Part 
of the Davendar and Doshakh ranges of the Herat valley 
may be western points in this same chain; but which of tho great anticlinals 
between the Davendar and the Koh-i-Baba is to be looked upon as the connecting 
link, I am unable to say. 

North of this main line minor ranges run more or less parallel with the water- 
shed ; of these 1s the Tirband-i-Turkistén with its eastern continuations. South 
of this range is a wide synclinal basin which belongs to the Murghab drainage. 
The structural prolongation of if may be found in a wide, undulating table-land, 
which occupies the space between the upper Balkh-ab (Riid-i-Band-i-Amir) and 
the Kara Koh. 1 have not visited this area, but Captain the Hon’ble M. 8. 
Talbot, R.E., describes it as a table-land, of which the eastern portion of the Kara 
Koh forms as it were a raised rim. The northern and north-eastern continuation 
of the Kara Koh forms a high chain against which a number of smaller ridges 
are ranged in parallel lines, both north and south of it. North of these auxiliary 
ranges extends a wide undulating synclinal basin with sevcral arcas of depressed 
table-lands ; the northern termination of this basin is formed by the outer rim of 
the Turkistén highlands south of Mazar-i-Sharif. 

The drainage of Afghan-Turkistaén belongs to the Amu Darid, or Oxus river, 
although only one of the streams of this part of Afghanis- 
tin actually reaches that river, namely, the Aksarai or 
Kunduz river, of which only a small branch of the upper portion belongs to Tur- 
kistén itself. All the other streams are either used up for irrigation purposes 
or lose themselves in the loess deposits of the Chdll, which forms the lowlands 
of Turkistan. 


Introduction. 


Geographical features. 


Principal ranges. 


Drainage, 


E 2 
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The Oxus rises in the Pamir and enters Afghan-Turkistén as a large river 
north-east of Tashkirghan. Its valley varies greatly in 
width,—from about 30 miles near Tashkirghan to over 
80 miles near Akhcha and Kilif. It forms an extensive and in some parts very 
fertile alluvium, which presents some very interesting geological features. 

The other rivers are: the Maimana river with its many tributaries, rising in 
the higher levels of the Tirband range; the Astar-ab and Sar-i-Pul system of 
drainage, which, flowing from the mountainous country of the eastern prolonga- 
tion of the Tirband, loses itself in the plains of Shibirkhan and Akhcha; the 
Balkh-ab, known in its upper course as the Riud-i-Band-i-Amir, comes from the 
Hazarajat and after a grand sweep from east to west, turns northwards and loses 
itself in the swamps west and north-west of Balkh; the Khulm or Tashkir- 
ghén river, which rises north of the Kara Koh range and after a more or less 
northerly course is lost in the sandy wastes of the Oxus valley. 

Only parts of the upper course of the Aksarai or Kunduz river are within the 
Turkistén and Cabul Hazarajit, north of the Koh-i-Baba; the Karmérd, Saighén 
and Bamidn streams belong to its drainage. 

One of the most notable features in the configuration of Afghan-Turkistén is 
the erosion, by the rivers, of deep gorges. I found that the 
inhabitants applied the word “ dara” (valley) invariably 
only to defiles. Some of them are exceedingly narrow, like the Yakh-dara, 
between Deh-i-Faoz and Fatghan, south-east of Maimana, scarcely wide enough 
to admit an unladen mule being driven through without considerable difficulty. 
Many of these defiles surpass in picturesque grandeur anything I have seen else- 
where; as for instance the course of the Astar-ab below Fatghan, where the 
river flows in & narrow gorge, often not more than 30 yards wide and enclosed by 
vertical walls of limestone, some 1,500 feet sheer height above the stream bed. 
Most of the rivers flow from south to north and hence form transverse valleys 
through the ranges of Turkistan. They have eroded gorges where they cross an- 
ticlinals, and formed wider valleys with side-streams when on a synclinal. 


Priocipal rivers. 


River gorges. 


Structural features. 


As already mentioned the Turkistén highlands consist of a succession of fiex- 
ures more or less parallel to each other. Their structure 
is generally very simple and reveals the following facts : 
that (1) the lowest beds exposed in any of the sections, not only in Turkistan but 
as far as is known in Afghanistén generally, belong to the marine carboniferous 
series; (2) that the latter are overlaid comformably by a long succession of strata, 
partly marine, partly probably of fluviatile character, which form an unbroken 
and conformable series from the upper carboniferous to upper jurassic or neoco- 
mian age; (3) on the upturned and denuded edges of this base of older rocks upper 
cretaceous limestone of great thickness rests nnconformably ; (4) tertiary marine 
deposits and freshwater beds rest conformably on the upper cretaceous rocks ; (5) 
that the general outlines of the present configuration of the country have existed 
since pliocene times, and that the force which has brought about the wrinkling of 
the older deposits is still continuing to add fold on fold in Central Asia. 


System of flexures. 


PART +. | Grirspaci: Field-Notes from Afghanistan. 237 


The width of the belt of flexures appears to vary considerably, though the 
general lines of structure seem to remain more or less constant. So far as my 
observation has extended, I found that the belt of hills bruadens considerably in 
the eastern sections, 

Independent of minor folds between the lines along which the sedimentary 
zone has contracted, I believe the following great anticlinals can be identitied. 


_ ”~n ——— = —-_ ~ ~- — arene 
cl ay ERP MSEoth aSetnthatraat ae SPS mea AR cE AL — ee - ~ 


t 





4. Kuisar. | Abuar. Maimana, _ Beleheragh. Sar-i- Pil. Altmirz. | Tashkdrghan. 
8. Painguzar. ' Deh Miran, | Paisnah. Chahil, | Doub 


(Astur-nb.) 





—_ 


2. Main range of the Tirband.i- Turkistdn. Kara Koh range. 
1. Synelinal of the Upper Murghab. | Upper Balkh-ab Anticlinals of : 
| (unexplored ) d. Bajgahand Karmard 


e. Dandan Shikan. 
b. Ak Robiit. 
a. Palu Kotal. 


Gireat watershed of Alghanistan. 


North of the system of great folds which form the watershed of Afghanistan 
is found a wide belt of shallow synelinals to which the 
Upper Murghab basin belongs. The structure of the 
Jatter is explained by the exposures between Kushk and Bala Murghab; the in- 
terior of the basin has remained a terri incognita to me. Kastwards of this re- 
gion is the table-land of the Upper Balkh-ab, which Captain Talbot has visited ; 
it is bounded north and south by the anticlinal rims of the Kolyi-Baba and tho 
Kara Koh. The eastern margin of this depressed table-land is puckered into 
several very narrow anticlinals, acroys which the principal roads to Cabul lead ; 
difficult passes and deep gorges traverse range after range between the Kara 
Kotal and Bamidn, The headwaters of the Kunduz river rise in these folds, 

Immediately north of this belt, a series of wide arches and anticlinals are 
ranged in long lines across Turkistan. They form the 
most important land-marks in the physical geography of 
this country. I include amongst them the main range of the ‘Tirband-i-Turkistan 
and the Kara Koh. 

A few well-defined and narrow flexures have becn closely pushed up against 
the high anticlinals of the second group; their general 
direction may be traced from Painguzar, south of Almar, 
through Paisnah on the Astar-ab to the north side of the Kara Koh. 

To the fourth group I reckon the clearly-defined outer rim of the Turkistan 
highlands, i.¢.,a more or less steep anticlinal which dips 
under a high angle below the tertiaries of the plains. The 
ranges immediately south of Balkh and Mazar-i-Shanf belong to it. Westwards 


First group. 


Second group. 


Third group. 


Fourth group. 
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the Alburz and the long anticlinals of Sar-i-Pul, Maimana, &c., form a similar 
outer rim, 

Between this range and the third group of flexures is a wide synclinal de- 
pression with areas of low table-lands in which streams have eroded deep ravines. 

The greater part of these folds consist entirely of a thick mass of upper 
cretaceous formations. The great erosion which has taken place along the north 
slope of the Kara Koh and within the flexures of the third group has exposed the 
older base on which the cretaceous cap rests. Similarly north of the Koh-i-Baba, 
older rocks (carboniferous) have been laid bare of their covering of upper creta- 
ceous limestone by denudation. 

Against the last great fold which terminates the mountain area of Turkistén 

: northwards, the tertiaries and recent deposits are ranged. 

aa North of the Maimana province they form low undulating 
loess hills, in which most of the streams which drain from the Tirband are lost. 
This widespreading loess area, is known as the Chill, and is found to gradually 
merge into the great plains south-west and south of the Oxus river, a great part 
of which is covered with modern aerial deposits. 

There is good evidence that anticlinals are even now in course of formation 

: within the recent deposits of the Oxus valley. I shall 
ane in the Oxus have to recur to this feature when describing the recent 
formations. . 


Stratigraphy of Turkistan. 
I found the following formations represented in Turkistin and Bamién: 


Age. Formations. Localities. 


Recent sete sands; alluvium of rivers; Chall, Oxus valley, &c, 
ans. 


Sub-recent and post- Loess with interbedded clays, sand- Chall; raised beds on the north 


tertiary. stones, and conglomerates. slope of hills south of Balkh; 
patches within synclinals, 
Pliocene , Conglomerate and bright red and Bamidén and Mathér valleys; north 


purple sandstones; brightredand  fringeof anticlinals from Maimana 
green clays, with brown shales. to Tashkarghén. 
Planorbie sp. 

Helix sp., and plant-remains. 

Gypeum veins, 


Upper . Light coloured shales, sandstones, Bamifén and Mathdér valleys; south 
and clays. of Tashkirghan. 
Estuarine deposits with fish and4 
crustacean remains, 
Plants. 
Lower , Sandstones and daik clays with Ditto ditto ditto. 
marine shells, 
Corithium sp. 


Miocene . 


Part 4.] 
Age. 
Eocene Pf 
Upper 
Cretaceous 
Lower 
Jurassic 


Upper Trias or Rhe- 
tic, 


Upper . 


Upper Trias 
: Middle . 


Lower . 


Permo-Carbon 
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Formations. 


Great thickness of light coloured 
sandstone and impure carthy 
limestone. Hxrogyra?P 


White chalk with flints. Inocerumus 
8p. 

Erogura sp., many bivalves. 

Thick beds of white limestone with 
Exrogyra sp. 

Janira quinguecostata, 

Clays, shales, shell limestone, and 
beds with Zrigonia sp. 


Densely red grits and sandstone, | 


shales with plant-remains ; 

Trap. 

Dark bluish grey grits and sand- 
stone ; plant-remains. 

Ash-beds. 


Sandstone and black alum shales 
with plant-impressions; marine 
fossils, 
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Localities. 


Mathér, Bamidn. 


Tirband-i-Turkistén rango and anti- 
clinals north of it. 

Main mass of the Kara Koh and 
folds between @aighén and Tash- 
kurghan. 


Middle course of the Astar-nb and 
of tho Almar stream. 


Upper Almar stream near Pain. 
guzar; Astar-ab below Paianéh. 

Khorak-i-Bala north of the Kara 
Koh. 


Doab north of the Kara Kotal. 


Light coloured sandstones and shales Kotal-i-Sabz (north slope of Kara 


with coal seams. 


Great thickness of marine  sand- 
stone, limestone, and shales with 
coal-seams. 

Schizoneura sp., &c. 

Bivalves. 


Brown sandstones and shales with 
coal-seams. 
Equisetstes columnaris. 


Marine sandstones and limestone 
beds. 
Halobia lommeli. 


Altered shales (mica-schist, &c.) with 
graphitic and anthracitic seams. 
Clay shales with impure coal. 
The whole traversed by horn- 


blendic granite. 


Coarse conglomerate in greenish 
matrix, altered by granite. 


Massive dark limestone with bra- 
chiopod casts. 


Koh), Shisha Alang. 


Chahil; Shisha Alang. 


Chahil, north slope of Kotal-i-Sabz. 


Chahil. 


Saighin; Ak Robdt Kotal north. 


Pali Kotal and gorge; Ak Robét. 


Ditto ditto dit4o. 
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DESCRIPTION OF FORMATIONS. 
Permo-Carbon. 


The only section in Turkistén in which I have met with strata older than 

Locality. trias was within the greatly disturbed area between Sai- 

ghan and Bamidn. With few exceptions most of the beds 

in that section have been altered by contact with intrusive rocks, amongst which 
a hornblendic granite is most conspicuous. 

Between Saighan (8050’) and the north entrance to the Bamidn valley lies an 
elevated and undulating mass of hills, which consists of the Ak Robdt synclinal 
(9800') with the anticlinal of the northern Ak Robat pass (10750') on its 
north side, and ending on its southern flank with two smaller anticlinals, which 
form the passes to Bamian, the southern Ak Robat pass, and the Kotal-i-Pald. 

The main mass of the hills which close the Bamidn valley on its north side, 
and over which the above passes lead, is composed of upper cretaceous rocks, which 
rest unconformably on the underlying older formations. 

One of the branches of the headwaters of the Bamiin stream run through a 

defile, which leads from the Ak Robat Kotal, south to 
Exposed in the south- the Bamidn valley; this gorge has been eroded not only 
ern flank of the ; . 
Robét pass. through the upper cretaceous rocks, which form the Pali 
Kotal east of it but also through the strata below, which 

belong to the carboniferous system. 

The prevailing rock seen on both sides of the gorge is a dark blue very hard 

splintery limestone, traversed by white calcspar veins ; on 
Description of eee the weathered surfaces of it I noticed badly preserved and 
Sees of Ak Robat. distorted casts of brachiopods (Productus?). The beds 
of this limestone formation dip under a high angle (from 
50° to 70°) to north-west, and are overlaid a short distance higher up the valley 
by a semi-altered conglomerate or boulder-bed. A few irregular layers of a 
similar conglomerate are seen to alternate with the limestone beds below. It re- 
mains ?n situ a considerable distance up the south slope of the Ak Robat Kotal, 
and is apparently conformable to the dark limestone with brachiopods. The 
rounded boulders and pebbles of the conglomerate consist of limestone, and the 
matrix in which they are imbedded is likewise calcareous, and of a greenish colour. 
Near the southern entrance to this defile this section disappears below the upper 
cretaceous and tertiary formations of the Bamian valley. 

Large masses and dykes of trap traverse this section, and near the contact I 
found the limestone and conglomerate greatly altered. It 
has also penetrated the cretaceous limestone above and is 

therefore shown to be posterior to the upper Mretaceous epoch. Similar traps 
mre also seen in other sections in Afghanistén; the outburst may belong to 
the, same which has broken through and altered the hippuritic limestone of 
Kanu'ahar. 

The: kotal (pass) which leads to the Ak Rob&t synclinal is partly formed by 
upper cre, taceous rocks, which rest unconformably on the older limestone and con- 


glomerate m,sries. 


Intrusive trap. 
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Between Ak Robat village and Saighan the older series crops up again and 

is st loped. Th . 
Oe a ee rongly developed. The section runs from south to 
Robét and Saighén. north and is formed of rocks closely resembling the lime- 
stone and conglomerate series south of Ak Robat. Tho 
succession of beds dips to north-west and is intersected by intrusive hornblendic 


granite, near the contact with which the sedimentary series is highly altered. 
I found in descending order : 


Unconformably overlaid by cretaceous limestone. 


7. Micaceous altered shales with thin enthracitic seams near the entrance 
into the Saighdén valley, where the entire series is unconformably 
overlaid by the cretaceous limestone. 

6. Mica schist and gneiss layers traversed by numerous quartz-veins. 


Permo-earbon north 
of Ak Robét. Dip 
north-west. 


Here a mass of hornblendic granite traverses the soction, near which the 
adjoining strata are entirely altered into 1 semi-metamorphic series. 

The granite encloses many angular fragments of rock, derived apparently 
from the neighbouring shaly group; in some places it becomes almost # breccia, 
cemented together by granitic rock. 


&. Gneissic beds with mica schist. Darne-sarhow:. worth 

4. Micaceous shales with several thin beds of anthracitic coal, partly of Ak Robsét. Dip 
graphitic. north-west. 

8. Great thickness of altered shales or schists ; micaceous. 


Carboniferous. Gorge 
2. Greenish altered conglomerate. south of Puld Kotal, 


1, Massive dark limestone with brachiopod casts. nae ° barca ee 


Dip north-west. 

It will therefore be seen that the series consists of three 
distinct groups of rocks, which are in descending order : 
3. Shaly group with curbunaceuus seams. 

2. Conglomerate. 
1. Limestone (2 roductus 7) 


Three distinct groups. 


The whole succession of strata dips to north-west, where they disappear helow 
the cap of cretaceous rocks. All three groups of rucks form one structural whole 
conformable to and passing gradually from one into the other. The massive dark 
limestone with brachiopods in particular is closely connected with the greenish 
conglomerate above, with which it alternates partly. The dark limestone I may 
without risk identify and correlate with the carboniferous limestone so largely 
developed westwards in the Herat province and Khorasran, and thus the greenish 
conglomerate will also have to be included in the carboniferous group. 

Near Herat! I observed an analogous section, although there the thickness of 
the entire series of beds 1s very much less than that of the 
Bamian rocks. The general character of the rocks com- 
posing both sections is very.similar. On the north slope 
of the Davendar greenish beds with conglomerates and a thin coal seam rest 


Similarity of the He- 
rat section with Bamidn. 


1 Records Vol. XIX pt. 1, page 54. 
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conformably on true carboniferous marine limestones. At Bamién the conglo- 
merate and the brachiopod limestone are even more closely connected, and cannot 
be separated from the carboniferous series. 

I expressed my belief last year that the greenish sandstones with conglomerate 

aeiciiesin drei: of the Herat province may represent the Talchir horizon 

genre of India, and if that view is correct, then the latter is of 

carboniferous age. I am still hoping again to traverse 

these rocks near the Hindu Kush range at some point where the alteration through 

contact with eruptive rocks has not quite obliterated all organic remains, and so 
may finally decide the question of age of the anthracite shales. 

The continuation of older rocks towards the north and below the cretaceous 

Links between pale. °®P Seems likely, as is proved by the fact that at 27 to 30 
ozoic and triassic series Miles north of Saighén middle triassic rocks crop out from 
hidden by cretaceous ynder the overlying cretaceous limestone. Below the 
mee latter and in the belt between Saighén and Chahil I ex- 
pect all the connecting links between the anthracite shales (3) and the middle 
trias will be found. It is even possible that these links may be exposed at some 
point where the denudation has worked through the covering skin of cretaceous 
rocks. 

This being the case both permian and lower trias are hidden, the former 

perhaps only partially. At present I must look upon the 
an ermecatbon age Of anthracite shales of Ak Robét and Saigh4n, connected as 

they are with the underlying carboniferous series,—as 
being passage beds between the carboniferous and permian. 

The intrusions of the hornblendic granite north of Ak Robaét and the trap of 

: ; the Pali-kotal belong to a subsequent epoch and may pos- 
Pate pos Saag sibly be of late cretaceous age, to which the granite intru- 
sions of Kandahar belong. 

According to former observers! a syenitic granite enters largely into the 
composition of the Hindu Kush range near the pass of Hindu Kush. It is very 
probable that the rock I observed south of Saigh4n is only a spur of the granite 
masses which have penetrated the limestone of the Hindu Kush. 

From stray notes given by Drummond,* Lord,® and others who were in 
Afghanistan during our first campaigns in that country 48 years ago, it appears 
that a formation of schists, traversed by gramitic veins and enclosing fragments of 
limestone, extends between the Hindu Kush passes and the Koh-i-Daman. Along 
the latter even the seams of graphitic coal are not wanting, and so one may 
assume that at least the older Saighdén beds, ¢.e., the palwozoic series, occurs 
also south of the Hindu Kush. The strike of the beds in that district is approxi- 
mately from south-west to north-east, which is also the strike of the Paghmfén 
range and its south-western continuations. Taking into consideration the report 
that coal-seams have been found near Ghazni, the inference may be drawn that 


2 Lord, P. B.: Journ. As. Soo, Beng. Vol. ViI., 521—1838 ; and India Review, etc., ITI. 3156-— 


1839. 
3 Journ. As, Soc. Beng. Vol. VII, p. 521, and India Review, etc., Vol. III, p. 816. 


* Journ. As. Soc. Beng. X, p. 74. 
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the Ghazni coal, if such exists, belongs to the same formation as tho graphite of 
the Koh-i-Daman and tho anthracitic coal of the Ak Robét pass, and Snaighén. 
In that case we may fully expect to meet with the older coal-measures, equivalent 
to our best Indian horizon (Karharbari-Talchirs) within easy reach of our Indian 
frontier. 


Trias and Rhetic. 


Most of the streams which denude the north slope of the Karn Koh and tho 
anticlinals immediately parallel with it, have at several 
places entirely removed tho thick cap of cretaccous lime- 
stone and so uncovered a series of strata which I found to represent horizons ex- 
tending from the middle trias to upper jurassics. Most probubly this is the case 
in all the deep valleys north of the Kara Koh range, but I have only been able to 
examine a few of them, in which, nevertheless, I was rewarded with good sections 
through the lower and middle mesozoic groups. I found the best sections in the 
Shisha Alang and Chahil (Chil) valleys, where both triassic and rhmtie beds 
are exposed. The streams which drain theso valleys rise on the north side of 
the Kara Koh, and run eventually into the Balkh-ab. 

The area of triassico rocks exposed at Shisha Alang is quite detached from 
that of Chahil, that is, the intervening high ranges crossed by the Shatihashak 
and Bala Gali passes (8,800' and 9,330'), are formed by upper cretaceous rocks 
which hide the triassic section below. 

The Chahil area exposes the lower strata of the upper triassic group of modorn 
European geologists, or beds which closely represent hori- 
zons from the zone of Halobia lommeli to the plant-bear- 
ing Lunzer beds of the Alps. The section forms a wide arch, the beds of which 
dip generally south-west and north-east. Part of this arch is overlaid (near its 
highest point) by the upper cretaceous limestone of the Chatli Khan. On 
nearer examination I found the Chahil section greatly disturbed and in some 
places crushed. But I was able to determine in general outlines the following 
horizons in descending order : 


Locality. 


Section at Chahil. 


12. Grey and bright coloured sandstones, with shales and a few limestone partings. They 
weather nearly every where to a bright brown ochre colour, reminding me in that of the 
Himalayan trias. A few fhen coal seams occur near the top. Lower down coal occurs 
at regular intervals of ahout 80 to 100 feet; several of these seams are upwards of 
6 feet thick. Plant-impressions, mostly of stalks with some marine remains (bivalves), 
but in a poor state of preservation. Thickness not less than 1,800 to 2,000 feet. 

11. Fine-grained greyish brown sandstone in thick beds. 

10. Coal-seam; thickness 10 feet and quality apparently excellent. 

9. Impure coal, with partings of bituminous shales and thin beds of ferruginous clays. 

8. Thick beds of fine-grained brownish yellow sandstone with grey shales. Kguisetites 
columnaris, Sternb. 

7. Grey clay shales. 

6. Coal-seam, thickness 1’ 6” and very friable. 

&. Brown shales with plant-remains. 

4. Coarse grey sandstone and grit; fragments of plant-remains and casts of marine shells. 

8. Gritty white sandstone, very friable and sandy, in thick beds containing marine fossils, 

2. Same as 8, but alternating with friable light grey shales with bitaininous layers, which 
yield a few fragments of plants. 
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1. Hard calcareous dark brown sandstone, containing numerous marine remains, amongst 
which Monotis salinaria and Halobia lommeli are very common. The lower part of 
this section, beds 1 to 11, cannot be Jess than 2,000 feet in thickness, and is probably 
much more. 

This section is only exposed where the upper cretaceous limestone has been 
conipletely removed by denudation ; consequently the base 
and sides of the entire Chahil valley with the upper 
Chahil basin, including the steep south-west slope of the 
Sabz Kotal, are made up of folds of the triassic group, while the great mountain 
masses which crown the sides of this valley with inaccessible cliffs belong to the 
upper cretaceous limestone. 

The principal fold of the triassic series rnns nearly due north and south, and 

at the northern end of the Chahil valley, where it forms a 

i daca steep anticlinal, is dipping 80° east and about 60° west 
from its centre. The direction of the fold gradually 

bends to the south-east and the arch widens as the dip lessens. So east of the 
second village of Chahil on the right side of the valley I found the lower beds of 
the series (1 to 4) dipping about 50° north-east below the cretaceous rocks which 
form the Chatéli Khan peak. West of this same village rises the very steep and 
almost inaccessible left side of the valley where I found the upper beds of the 
series to dip about 55° to 60° west and south-west. The same beds form the 
lower slopes of the upper Chahil valley, left side, on which the third of the 
Chahil settlements has been built The steep cliffs on the left side of the valley, 
above the spot where the stream emerges from the old moraine which divides the 
basin, belong to the upper part of the beds 12 and contain numerous plant-remains. 

The left side up the valley above the village of Chahilis not only very steep 
but where accessible almost entirely covered with loose debris from the creta- 
ceous rocks above, so that I was not able to obtain a detailed section of the 
uppermost beds of the series. 

The lower portion of the ascent to the Sabz Kotal is hidden under a thick 
deposit of glacial debris, and the triassic strata only become visible in the stream 
valley, where they show a dip of about 60° to south-west. 

The thick coal-seam (10) with its adjoining strata is in situ in that locality, 
and may be traced for a considerable distance up the slope of the Sabz Kotal. 

Near the last ascent of the Kotal the north-eastern shoulder of the anticlinal 

is seen to dip 40° to 50° north-east-by-east. The beds 
eae ascent of Sabz 4 .nosed belong to the upper part of the group and rest on 

the main coal seam (No. 10). I observed the following 
succession in descending order : 


Exposed in valleys of 
denudation only. 


16. Grey and light coloured clays and clay shales with yellow ferruginous partings. 
15. Whitish grey soft sandstone, very friable; weathers rusty brown. 

14. Same as 16. 

18.. Whitish soft sandstone in thick beds. 

12. Bad shaly coal 1’ thickness. 

11. Brown fine-grained sandstone in thick beds. 

10. Coal-seam, 10’ thickness (No. 10 in section). 


The beds 12 to 16 represent the lowest portion of bed 12 of the'entire section. 
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So far as I am able to determine in the field without closely examining the 

Three horizons, com- fossil contents of this locality, it appears that at least 

parable with foreign lo- three horizons can be made out, which correspond with 
canton: foreign zones. 

1. The beds at the bottom of this series repfesent a well-marked horizon, 
which occurs not only in several distant parts of the world, as for 
instance both in the eastern Alps, Transylvania and California, but 
also is well represented in the Himalaya of Kumaon, Gharwal and 
Spiti, and this portion of the Chahil section may therefore be iden- 
tified with the lower horizons of the upper-trias. 

2. The next higher horizon which contains plant-remains, amongst which 
Equisetites columnuris is most frequent, may be compared to the Lunzer 
beds of the eastern Alps, which also occupy a position over strata 
with Halobja lommeli and Monotis aclinarta. 

3. The lower beds of (12) contain plant-remains, amongst which a Schi- 
zgoneura seems abundant. Whether these plants will be found to 
agree with any of the Gondwana specics is impossible to say at pre- 
sent, but the group in which they oceur have a strong resemblance 
to upper Barakars in lithological character. 

It appears therefore that the section exposed in the Chahil valley must be 
placed in the upper trias as now understood by Alpine geologists; the lower 
portions of it seem to belong to the Hallstadt horizon of the Alps, wluch has 
been traced from Central Europe through Asia to California and New Zealand. 

The upper portion of the Chahil beds is mostly plant-bearing, and yields 
characteristic upper triassic (Lunzer) forms, of which some aro common in the 
eastern Alps and others have a strong likeness to middle Gondwana species, 

It is clear from this section that the triassic rocks, in common with the uppor 
paleozoic strata of Bumian and Saighan, have undergone crushing and disturb- 
ance long before the deposition of the upper c:etaceous formations which rest 
unconformably on the former; I believe the lower-trias will be found below the 
enormous limestone cap of the Kara Koh and its southern extensions, Perhaps 
some of the deeper valleys, for instance the upper Balkh-ab gorge, may have 
cut through this overlying mass of younger rocks and may thus have exposed 
the most interesting of triassic strata. 

The headwaters of the Chahar-Aulia stream, which unites with the Kashindeh 
valley some distance lower down its course, are mado up 
of numerous smal] rivulets and springs which rise in the 
high regions on the northern side of the Kara Koh. They have excavated an 
area of about 20 square miles in the cretaceous limestone, and exposed the undcr- 
lying folds of older rocks, 

Bais: Gn thie eeckion The beds in this basin have been folded and crushed 
disturbed before cretace- before the deposition of the cretaceous rocks, which rest 
ous ‘times. unconformably on the former. 

The Shisha Alang triassic series forms an anticlinal whose axis has been bent 
into a horse-shoc shape, the toe of which points towards the 
south-west. Some of the higher portion of the anticlinal 


Section at Shisha Alang. 


Strike. 
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has been denuded away, and I found, therefore, the oldest beds of the section 
exposed about half way between the southern entrance to the Said Dad Mirgénd 
gorge and the ascent to the Shadbishak pass, whereas the higher horizons of 
Shisha Alang are seen near the headwaters of the stream of that name and close 
under the high clifts which eftclose the Dara Shafbashak, 
The general character of the section is that of a succession of sandstones 
Ee eee ee ee and shales with coal-seams, which contain chiefly land- 
Shisha Alang. plants, although a few marine remains (brachiopods) are 
also found in some of the beds associated with the former, 
There are also several horizons of concretionary limestone containing marine 
fossils only. 
The lithological character of the group of beds is very nearly that of the 
_ upper portion of the Chahil section, and both seem to 
oo upperChahil § oontain similar plant-remains. I believe therefore that 
the Shisha Alang rocks form simply a western continua- 
tion of the upper Chahil group. 
The remarkable feature of the Shisha Alang beds is a coarse, gritty, light 
on grey sandstone, which contains fragments of plant-remains, 
a cd sees of coal- besides a few marine bivalves. This sandstone forms well- 
marked divisions between the several groups of coal- 
measures, each of the latter being about 300 feet thick. I cannot say how many 
of such repetitions may exist in that area, as the beds are far too much disturbed 
Thickness to enable me to form an accurate estimate. But along the 
: low ridge, which forms the right side of the main valley of 
Shisha Alang, I counted 7 separate groups of coal-measures, each of about 300 
feet thickness, which, for this portion alone, would give 2,100 feet total thickness. 
There is a remarkable uniformity in the composition of these groups of coal- 
measures; the only difference seems to be the varying 
n Pri paras i groups of thicknesses of individual beds and coal-seams, The gene- 
ral lithological character remains the same,—in all cases 
showing a close likeness to middle Gondwana rocks. The shales are generally 
dark grey with particles of mica scattered throughout. 
One of these minor groups of coal-measures north of Shisha Alang I found 
to dip 40° south-west and to be in descending order as 


Details of section. | ene 


14. Thick beds of coarse, gritty, grey sandstone with numerous fragments of 
badly preserved plant-remains and a few marine bivalves (Ostrea sp.) 


18. Good coal . ° ; ‘ . ° ° : : ° . 
12.. Bituminous clay . . . , . . ‘ ; ° . 
11. Coal . <~ ee 


10. Coarse white calcareous eandatous'l in n thick boda, a fow marine bivalves 
9. Dark grey, micaceous shales, plant asia : . . ° 
8, Fine-grained flaggy sandstone 
7. Coarse-grained ne divided by srey piant-shales, and | alternating with 
them e r s e e e e 
6. Coal . a ~t e e r e ® e s s s e 


aS eaSaca? 
©80 cooaeno 





PART }. | Griessacn: Field-Notes from Afzhanistén. 247 


Ft, Ins. 
Brought forward . 183 38 


5. Bituminous clay with ferruginous concretions . 2 0 
4. Coai-seam, divided by a few very thin partings of clay ; ; the tatter of from i 
inch to 3 inches thickness. Coal rather leafy. . : - Total .. 123 0 
3. Bituminous shales ; , - 25 O 
2. Friable coal, with slat tan ppeeelons: consisting of closely Gacked ieee (Schi- 
zoneura, &.,) alternating with seams of good black coal, . Total . 30 O 
1, Coarse calcareous sandstone in thick beds, much jointed . : ‘ . 80 0 


Total thickness $23 2 


Further up the stream I noticed that the dip increased rapidly to 50° south-west- 
by-south. Several of the beds of shales yielded good specimens of plant-remains, 
which will have to be determined hereafter. 

On the opposite side of this valley where the beds dip to the south-east at an 
angle of from 40° to 50° I found some brachiopods in con- 
cretionary nodules which occur near the base of No. 14, 
in a shaly bed; they seem to bear a close resemblance to upper triassic forms 
(Rhynchonella semiplecta of St. Cassian ?). 

The same succession of strata may be traced on the right bank of the princi- 
pal valley of Shisha Alang, and there shales seem to pre- 
dominate over sandstones. At the samo time I found 
that the thicker seams of coal split up into numerous thinner ones, divided by 
bituminous clays and micaceous shales. As many as 18 or 20 separate seams 
may be seen within about 300 feet of thickness. 

West of the first village of Shisha Alang the coal-series crops out again and 

shows a similar succession of dark grey Barakar.like shales 
of ee ae. village ond sandstones, associated with leafy coal-seams, the 
whole set of beds being enclosed between thick-bedded 

massive sandstone and grits. 

I noticed that the sandstones yielded generally only 
marine fossils (mostly bivalves), whereas the shales and 
coal-seams contained numerous Gondwana plants. 

If I assume the average thickness of the best coal-seam at 6 feet only, which 

; could be worked over an area of 9 square miles in the 
quantity f con® immediate neighbourhood of Shisha Alang, I find that the 
available quantity of coal would be no less than 50 million 
tons. In this estimate I have left out of consideration the fact (1) that triassic 
coal-measures with large seams of coal are actually exposed over a large surface in 
the Chahil valley and the north-west slope of the Sabz Kotal, and (2) that permo- 
carbon strata with anthracitic seams appear between Saighén and Bami4n, and 
that therefore the conclusion is evident that the whole lower trias and permian 
strata, t.c., the equivalents of our lower Gondwana series, must be buried below 
the upper cretaceous limestones of the intervening country. It is consequently 
almost certain that the entire northern Hazarajat is one vast coal-field, which is 
partially hidden by superimposed cretaceous limestone. 


Marine fossils, 


Right side of valley. 


Distribution of fossils 
in the groups. 
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Jurassic series. 


Rocks lithologically closely resembling the jurassic deposits of Khorassan and 
Herat crop out from below the cretaceous cap in several 
localities north of the Kara Koh and north of the Tirband- 
ieTurkistar. ’ 

East of the triassic sections of Shisha Alang and Chahil I found the jurassic 

series in great force in the valley of the Doab stream, 
which rises west of Khorak-i-Bala on the slopes of the 
Sabz Kotal. 
The ridge which forms the Sabz Kotal is formed by a crushed fold of upper 
triassic rocks, overlaid on each side of the pass by upper 
cretaceous limestone. The beds dip towards the south- 
east and disappear finally below the cretaceous Hzogyra-limestone, which composes 
the east slope of the pass. Below this cap of younger mesozoic deposits the 
uppermost trias (with rhetic and las?) is probably hidden, for I found the 
head of the valley of the Doab stream near Khorak-i-Bala occupied by formations 
which I believe to belong to the upper half of the jurassic series. 

The section through these rocks near Khorak-i-Bala, as seen from the heights 
of the Sabz Kotal, is very clear. Successive belts of dark 
brown, bluish grey, and bright red rocks which compose 
the jurassic series are seen to dip at an angle of about 40° 
to 45° to the south, where they are unconformably overlaid by the white Hzogyra- 
limestone of upper cretaceous age, which forms the steep scarp of the Kara Koh, 
These successive belts are traversed by a small stream, which joins the Doab 
valley from the right near the village of Khorak-i-Bala, To ascend the Kara 
Kotal I had to go up this side valley and thus traversed the upper jurassic series 
nearly at right angles. 

The left side of the valley near Khorak.i-Bala is formed by very friable dark 
grey to black alum-shales with a few badly-preserved 
plant-impressions. The shales weather on the surface 
and on the upturned edges to a bright rusty brown, and 
often show a bright coloured metallic lustre on their planes, der:ved from decom- 
posed iron pyrites. The deposit seems to remain very steady in its lithologi- 
cal aspect, and is generally found at the base of the “red-grit group” wherever 
I have met with the latter. Along the north side of the range called the Koh-i- 
kat-i-Shamshir in eastern Khorassan, as far as Zorabad on 
the Hari Riad, and again on the north slope of the Tirband- 
1-Turkistan, the character of this deposit is the same. I 
believe the horizon will be found to be middle oolite; certain it is that the shales 
rest conformably on deposits with recognisable lower oolitic fossils in several 
localities. 


Localities. 


Valley of the Doab 
stream. 


Sabz Kotal. 


Section of Khorak-i- 
Bala. 


Dark alum-shales left 
side of valley. 


Occurrence elsewhere. 


The shales dip about 40° south and below rocks which 
Dip bel “‘ red-grit 2 
group” oon Serer oy Lapras to belong to the widely distributed “ red-grit 


group” or upper jurassics; the passage from the shales 
into the overlying group is quite gradual. 
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The first division which I could distinguish in the ‘‘red-grit” group 
rests conformably on the dark alum-shales, and consists 
Dark bluish greysand- chiefly of a dark bluish grey sandstone and grit; the latter 
stone; a loval develop- . . : 
ment of “ red-grit.” encloses grains of black limestone, probably derived from 
the carboniferous rocks south of the Kara Koh and 
Bamiaén. It appears to be a local development of the “ red-grit group ;” a rock 
closely resembling it I found last year near the Kala Sard, about 35 miles south. 
east of Mashhad. The blue grits are not sharply separated from the alum-shales 
below. Thin irregular layers of the later occur between thick beds of the 
blue grey grits, and no doubt some beds of the latter will be found within the 
ulum-shales; such I found to be the case along the north slope of the Baréli bill 
in the Koh-i-kat-i-Shamshir. The total thickness of tho bluish grit and sand- 
stone may be about 1,000 to 1,200 feet near Khorak-i-Bala. 

It is concordantly overlaid by the typical red sandstone and cvuarse grits with 

Red grit. strings of conglomerates which seem to compoxo the upper 

jurassics in every section which I have hitherto seen in 

the Herat province, Turkistén, or Khorassan. I found both in tho bluish grey 

grits and the “red grit’’ some poor remains of plants, mostly only impressions of 
straight stalks and carbonized matter. 

On the left side of the Doab stream, near the upper boundary of the alum. 
shales, I found an irregular and impure coal-scam of about 
2 inches thickness. 

The total thickness of the “ red grits ” is not seen, as it is discordantly overlaid 
by the cretaceons limestone of the Kara Koh. 

Rocks of the same character and horizon may be traced along the Doab valley 

Fe ictics ch Tisai to the valley of the Tashkirghan river; the Kara Kotal 

north of Doab presents steep scarps of upper crctaceous 

limestone towards the north, resting unconformably on the upper and middle 

jurassic groups. The sections south of the village Doab reveal the jurassic 

deposits dipping 35° to 40° west to south-west below the cretaceous limestone, and 
I found them to be composed of the following groups in descending order .— 





Thin coal-seam. 


3. Red grit group with volcanic breccia and tuffaceous beds. 
2. Greyish blue grit and grey micaceous sandstone. 
1. Dark alum-shales. 


The red grit group (3) is of the usual and almost invariable churacter. I 
found also here some igneous beds associated with it, which consist of hard breccia 
and tuffaceous beds interstratified with the grit. 

Below the “red grit’ I found (2) grey micaceous sandstone and thick beds of 
greyish blue grits, alternating with friable black shales; this formation seems of 
very great thickness and composes all the lower slopes of the surrounding hills. 

In lithological character this group is perfectly identical with the similar rocks 
which I saw near Khorak-i-Bala, about 10 miles west of Doab. Fragments of plants 
are very common in all the strata of group (2), but a bed of ferruginous, rather 
concretionary sandstone 1 mile south of Doab, yielded, besides numerous plant- 
fragments, some marine fossils of distinctly jurassic types. 

¥ 
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North of Doab, on the way to Rui, I found the lower group (1) of the jurassic 
series, a grey sandstone with alum-shales containing a few plant-remains; they 
form all the lower slopes of the hills on both sides of the valley. The cretaceous 
limestone rests quite unconformably on the plant-bearing shales (1), and the grita 
and sandstones of groups (2) and (3) are wanting. 


In the Tirband-t-Turkistdn. 


The general outlines of the geological structure of the Tirband-i-Turkistén 
range and its eastern continuations Mave already given. 

The third anticlina]l (see page 237) which runs almost unbroken from Pain- 

; guzar to Doab on the Tashkdrghadn river exposes lower 

sone third eee and middle mesozoic deposits at several points below the 

capping cretaceous formations ; I have described the older 

mesozoic and jurassic beds of the Hazarajét in the preceding paragraphs. The 

only other localities where I have noticed rocks older than cretaceous are situated 
south-west of Maimana and south-west of Sar-i-Pal. 

In some respects these localities present altogether novel features, inasmuch 

Novel features. as (1) any unconformity between the jurassic plant series 

and the cretaceous formations is doubtful, and (2) if such 
unconformity exists, then the overlap of the cretaceous formations must have 
begun during earlier neocomian times. I believe, however, that the apparent un- 
conformity which I noticed south-west of Maimdna can be explained differently, 
and that therefore the change of sea-level which occurred after jurassic times did 
not affect the,area north of the Tirband range. 

The great anticlinal of Painguzar, 16 to 18 miles south of Almar, exposes some 

_ Of the upper jurassic horizons; the overlying strata being 
South-west of Mai- 4 snecession of deposits, amongst which I could determine 
both lower and upper cretaceous horizons. 

At first sight of the section an unconformity seems to exist between the red- 

ee ee grit group and the plant-shales below, but there are reasons 
above plant-sbales, Y which are against the assumption of any actual break 
between these two formations : (1) in sections west of this 
locality, i.¢c., in Khorassan, the red-grit group and the black shales of the plant- 
group (jurassic) are always closely associated, and in fact alternate near the con- 
tact, and the same feature may be observed in all the eastern sections, as for 
instance near Khorak-i-Bala (page 248); (2), seeming unconformities are often 
observable where rigid thick-bedded formations resting on softer and yielding 
rocks have undergone lateral disturbance. In such cases, whilst the overlying 
rigid formations have only been bent into wide curves, the softer shales below have 
undergone greater crumpling and hence an appearance of discordance has been 
produced. 

It is different with the unconformity between the older mesozoic formations 
and the upper cretaceous limestone in the Hazarajét ; there the same very well- 
marked feature can be observed in every section, and the direction of the flexures 
of the underlying rocks differs entirely from that of the cretaceous limestone above. 
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The cliffs on the left side of the valley, between Painguszar and the Ziarat 
Section of Paingusar, rae Diwana, show the following section in descending 


Upper } Cretaceous grou 

Lower §“" ae _ Bedding nearly hori- 

Red-grté group with enclosures of gypeum; the passage from this into the zontal near top of 
overlying lower cretaceous beds is gradual. the anticlinal. 


pushed over the beds below. 


6. Dark shales with partings of ferruginous sandstone ‘and strings of nodu-. 
lar clay iron ore. The general character of this rock is completely 


that of the dark alum-shales of the Estoi hills. Beds dip about 20° to 
5. Dark grey micnceous sandstone, weathers rusty brown; plant-remains, 25° to north-west, 
4. Dark shales, same ns 6. the sata of the 
general dip a few 

8. Sandstone same as 5. iitsa Carthecon. 


2. Shaly sandstone. 
1. Thick-bedded grey sandstone. 


Along the same flexure and nearly due east of Painguzar, I again mot 
with upper jurassic rocks. The locality is near tho 
villages of Paisnah and Deh-i-Surkh in the Astar- 


ab valley, about 38 miles south-west of Sar-i-Pal. The river makes u sweop 
to the east near these villages, and turns again abruptly north and north-east 
some 6 or 7 miles below Paisnah, where it cuts through the entire cretaccous 
and part of the jurassic groups along a line which now coincides with the crest 
of the third anticlinal (see table page 327). The flexure of the rocks has 
apparently taken place after the greater part of the valley had been eroded 
out of the mesozoic series, and in that particular locality the bond into an 
anticlinal naturally took place along the line of least resistance, where the thick 
mass of the upper mesozoic series had previously been cut through by the river. 
The strata are now seen to dip away from the centre of the valley—north and south. 

I found the section a continuous one from the upper cretaccous (Exzoqyra-lime- 
stone) down to the black alum-shales with plant-impressions. There is not the 
slightest unconformity traceable throughout the series of strata eithor in this 
locality or in the transverse portion of the Astar-ab valley between Dch-i-Surkh 
and Turghan. 

In all about 1,860 feet of strata are exposed below the upper Exogyra-lime- 
stone, of which about 1,050 feet belong to the red-grit group. The black allum- 
shales below are only partially exposed, their base being hidden below the allu- 
vium of the Astar-ab. 


In the Astar-ab. 


Oretaceous series. 


With the close of the jurassic period seems to have begun the most marked 
change in the physical conditions of this part of the world ; 

Change Ie physical the jurassic seas began to shallow, and the groater part of 
= os*  Turkistén and Khoragssan became most probably part of 
a continent which extended towards India. The forces 


F2 


252 Records of the Geologswal Survey of India. [VoL. x1x. 


which are traceable to the present day in Turkistan folded and crumpled the 
older and mesozoic formations until they were raised above the jurassic sea-level. 
This shallowing and partial isolating of certain sea-basins may even be traced 
in the lithological character of the upper jurassics ; the “red grit” which keeps 
wonderfully constant over the whole of Khorassan and Turkistén has most 
probably been deposited in a shallow and confined sea, and—as the gypsum 
layers in the sections of the south-western districts of Maiména show—possibly in 
land-locked basins. 

The greater part of the upper jurassic rocks became subject therefore to sub- 

aerial denudation during early cretaceous times. Only 
Pt eiage ee near certain points along the cretaceous land deep bays 
times. 7. "existed ; certainly in two localities, namely, in the sections 

west of Pul-i-Khatun in Khorassan and south-west of 
Maim4na some marine deposits rest conformably between the upper jurassics and 
the upper cretaceous limestones which must have been laid down in such arms or 
firths of the lower cretaceous sea. 

The rocks which I believe to belong to this horizon in Khorassan I have 

: described in former notes! ; the Maimana province offers a 
it ee” very similar section through the lower cretaceous horizons, 
and I met the series fairly well developed in the Painguzar 

(Almar) neighbourhood. 

Between the outer range of the Tirband, ¢.e., the most northern flexure, and 
the synclinal of Farad Beg, extends the third great anticlinal 
(see page 327), which has been transversely cut through 
by the Almar stream, thus exposing the entire section. Both on the right side of 
the valley, east of Painguzar, as also immediately south of that village, the creta- 
ceous series is seen to rest conformably on the red-grit group, and in spite of local 
crushing a fairly complete section can be obtained. I found the following beds 
in descending order :— 


Painguzar section. 


7. Thick-bedded whitish grey hard coral limestone with Ezogyra sp. 
6. Greenish earthy limestone with Hvogyra; total thickness of these two Upper cretaceous, 
groups about 2,000 feet. 
5. Considerable thickness of greyish beds inaccessible, but conformable on‘ 
the beds below. 
4, Shell limestone, with numerous Foraminifera, 
8. Do. do. containing Trigomea sp. cadre pare 
2. Dark grey earthy shales. about 1,000 fee 
1, Greyish green soft sandstone in thick beds with concretionary layers, shaly 
towards the base. 
d, Red sandstone with gypsum beds, 
e. Parting of calcareous sandstone, : 
d. Coarse brownish grey sandstone. toe jurassics, 
a, Red-grit group. 


Further eastwards and along the same flexure lower cretaceous strata are seen 
to rest conformably on the red-grit group and pass upwards in the upper Ezogyra 
limestones, 

? Records Vol. XIX, pt. 1, pp. 59, 63. 
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The succession of strata between Khamdén and Deh-i-Surkh in the valley of 
Pee the Astar-ab is in descending order as follows: About 
aim in the Astar- 1 500 to 2,000 fect of upper eretaceous limestone with 


Exogyra sp. resting conformably on— . 
ect, 


5. Greyish earthy calcareous sandstone in thin flaggy beds ‘ . 60 

4. Light grey impure limestone with bluish green shaly calcareous sandstone . 80 

8. Same as (5) with Erogyra sp. . 80 
2. Rusty brown, coarse sandstone in thin beds ‘with Trigonia ss ana aliceialing 

with shell limestone : ; ‘ ‘ ; : ; » 250 

1. Bluish green earthy shales and clay : . ; . ° : ; . 80 

b, Light reddish grit with shaly partings . : : , : . 200 

a. Thin bedded shaly red grits. : d ; ‘ , ; » «0 

Total » 2,810 


passing gradually into and resting conformably on the red-grit group, which 
is here at least 1,000 to 1,200 feet in thickness. 
The sections at Painguzar and near Khamdan will therefore be seen to be very 
ta similar and to correspond in general characters with 
Pair tea the succession of beds west of Piil-i-Khatun, as shown in 
zak. the range of the Takht-i-Gatizak (sec Records XIX, p. 63). 

I believe the beds 1 to 5 will be found to be of lower erctaceous age and to 
be identical with tho light-coloured marls of Zulfikar. 

It appears certain that none of these strata reach further to the east, as T have 
found everywhere in the Hazarajét and Afghan-Turkistan only upper cretaccous 
formations resting directly on older groups. 

The greater part of the province of Maimiina and of 
Upper cretaceous. Afghan-Turkistén is covered with a wide-spread cap of 
upper cretaceous rocks. 

With few exceptions the beds belonging to the upper cretaceous horizons 

consist of white thick-bedded limestones. Here and 
sisien er the upper there a few layers of sandstone occur, which in that case 

often contain a few badly-preserved plant-romains, But 
by far the greatest thickness of the upper cretaceous formation is made up 
in ascending order of (1) hard white splintery limestones, (2) concretionary carthy 
white or brownish white limestones, occasionally dolomitic, (3) chalk with flints. 

The general character of the group seems the same in all cases, that is, it is 
formed in massive beds, the total thickness being about 1,800 to 2,000 feet. To- 
wards the northern sections the thickness of this group igcreases, and I found that 
south of Balkh the total thickness cannot be less than 3,500 to 4,000 fect In 
common with its overlying tertiaries it is folded and bent in wide anticlinals with 
occasional elevated table-lands between. The present rivers have excavated deep 
ravines and picturesque gorges through the rocks of this group, with stcep, often 
vertical, sides. The general character of the group closely resembles that of the 
Quader of Bohemia, with which it shares approximately the same age. 

The commonest fossils found in this group are Hrogyra 
Fossils, sp. and Janira quinquecostuta, besides numerous others 
which have not been determined yet. 
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The fossil contents, not less than its stratigraphical position over lower creta- 
ceous beds, assign an upper cretaceous age to the group, 
meee Liem hs I believe that a more detailed study jwill possibly reveal 
ceous. that at least two European horizons are represented in it, 
but I have not been able to distinguish any divisions 

on my map. 

Exogyra sp. I found in all horizons of the upper cretaceons; but it seems 
probable that the lower portion of it is chiefly characterised by harder limestones; 
frequently a pure coral limestone, whereas the more earthy varieties seem to 
contain principally ELizogyra sp. 

The uppermost portion of the upper cretaceous is composed of white chalk 
and shell-limestone with flints, and contains Inoceramus sp., 
EHzogyrasp., &c.; it forms about a third of the total thick- 
ness of the group. The best sections were found in northern Turkistén, between 
Haiback and Tashkirghdn, and south of Balkh, where the white chalk forms 
precipitous cliffs. 


White chalk with flints. 


a The same horizon is found to form the upper portion of 
A rigs net ip aaa tS aes the cretaceous deposits bet ween Chakau and Kalanau north 
west of the Tirband. of Kushk in the Herat province ; it also caps the cretaceous 


series of Zulfikar. 


Tertiary formations. 


The tertiary series of Turkistén is composed of the fol- 


womposuen: lowing groups :— 
Post-pliocene . . ; ; ° . Aerial and freshwater deposits, 
Pliocene . : < ‘ ' . Freshwater. 
Miocene . : ‘ : : : « Marine and freshwater. 
Eocene (?) ° : ‘é ‘ . Marine formations. 


Of these groups only the post-pliocene deposits occupy large areas in Turkistan ; 
Localities. the lower groups are confined to narrow strips exposed in 
deep folds of the upper cretaceous formation and in afew 
localities in the Oxus basin. In the highlands of Turkistén, and the Hazarajat I 
have met the older tertiaries in Bamidn and Saighan, where they are of small 
thickness, and along the northern edge of the hills of Turkistén, ¢.¢., resting on 
the chalk beds of the upper cretaceous series which h dip below the plains south 
of Balkh and Mavar-i-Shaif, 
It is probable that durmg eocene times a large portion of the upper cretaceous 
‘ eet sea began to shallow and here and there even to recede 
ater croasoata tm oa Pa ita old coast-lines. The force which compressed the 
sedimentary formations into a narrow and folded belt 
north of the great Afghan watershed, dates from early tertiary times, when it had 
forced a great part of the area, now occupied by the Turkistén hills and the 
Hasarajét above sea-level, -From that time’ date -the extensive denudations 
which these tracts have been subjected -to, In. sadeession eocene and miocene 
formations, marine and freshwater were removed: by subsequent and later 
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erosions, until at the present day only a few remnants of the older marine beds 
are found compressed in elevated synclinals high up on the northern slopes of 
the Koh-i-Baba and Hindu Kush,—and the remainder of tho area only shows the 
blown sands and fluviatile formations of much later date. 

After the deposition of the lower miocene formations the sea scems to have 
withdrawn finally from the area now occupied by the high anticlinals of the 
Turkistén hills and retreated to the regions now occupied by the great Central 
Asian depressions. Lacustrine and fluviatile deposits began to spread over tho 
gradually wrinkling surface of Turkistan and filled the wido synclinal basins with 
vast accumulations of sands, shales, and sandstone, which continue to the present 
day. 

At Math4r, south of the Kara Kotal, the cretaceous limestone with Exogyra 
sp. forms a wide synclinal trough, which encloses a fairly 


Section Mather: Complete tertiary series, which I found in descending 


order to be: 


9. About 150 to 200 feet of concretionary green clays with small forrugi- 
nous concretions and rust-coloured mud beds, containing fresh water 
gasteropods; partings of clay and ferruginous sandstone of bright 
orange colour. Towards the base some purple-coloured sandstone, 

The whole intersected by thin veins of gypsum. 
8. 200 to 300 feet of chocolate-brown sandstone with shaly partings. 

This group shows fine mud deposits or clays towards the base, of 
yellowish-brown colour, containing fragments of vegetable matter 
and leaves; thin partings of pure light grey elay-shales. To- 
wards the upper part gritty chocolate-brown clays and sandstone 
predominate, which, from thick banks in the centre of the group, 
changes into thin-bedded strata, A few thin partings of olive- \ Pliocene freshwater 
green clays are very conspicuous in this mostly chocolate-coloured serves. 
mass. 

7. Great thickness of grey micaceous sandstone alternating with grey and 
green clays and chocolate-brown sandstone, which contains some 
gritty layers false -bedded. 

6. Bright bluish green and yellowish brown clays with some sandstone 
beds. Contain plant-remains and freshwater shells; gypsum in layers 
and veins; great thickness. 

6. Densely red sandstone with a few purple clay beds, towards the top 
great thickness of bright red sandstone and conglomerate, consistinS 
chiefly of pebbles of cretaceous limestone cemented together by a, 
red calcareous matrix. 

4, Greenish dark clays and shales with partings of brown sandstone with 
concretionary structure. Thickness about 600 feet, with veins of 
gypsum and yellowish-brown earthy shales. 

The shales contain some fucoids and other plant-impressions, besides 
rather badly preserved remains of fishes and crustaceans. 

S. Towards base of group 4, dark clays and soft clay shales predominate ; - 
the shales contain plant-remnains and marine shells, Cerithium sp.; Miocene (marine). 
thickness abont 500 feet. J 

2. Bed of greenish clay at the base with layer of gypsum. 

1. Thick beds of sandstone and shales with greenish earthy shales z Eocene ? (marine). 
Exrogyra sp. 

Rests conformably on upper cretaceous limestone. 


Upper Miocene 
(estuarine), 
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With the exception of an Zzogyra sp. I have not discovered any fossil 
eiseie Group at Mainke remains in the lowest beds of the tertiary rocks. The 
"passage from the upper cretaceous limestone of the anti- 
clinal north of Bajgah to the miocene Oerithium-clays (3) is gradual and continu- 
ous, and I would naturally infer a representation of the eocene horizon in the 
section, even if eocene fossils had not already been described from that locality. 
I believe Captain Hay ! describes eocene fossils from beds which rest on cretaceous 
rocks north of the Bajgah anticlinal, but unfortunately his paper is not available 
to me whilst I write this in the field. 

In the Mathér valley this group is of considerable thickness, probably not 
less than 800 to 1,000 feet. The strata composing it are 
highly raised up, but perfectly conformable to the upper 
cretaceous Hzogyra-limestone. 

A very similar group of sandstones and shales lies between the upper creta- 

ceous and thedark miocene clays, south of Tashkirghén, 
beri hag south of where the tertiary rocks dip under a steep angle below the 
recent deposits of the Oxus valley. 

Of great interest is the group of partly marine partly freshwater strata which 

Miocene. rests conformably on the marine eocene beds at Mathér. 

Towards the top of the group of sandstones and shales (1) beds of a dark 

clay or clay-shales with subordinate sandstone beds 

ih ohn tay appear, which finally merge into a thick group (about 500 

feet) of dark friable clay-shales, which contain a few in- 

determinable plant-remains and some marine shells, amongst which a Ocerithium 

sp. is the commonest. The form is probably allied to a species also found in the 

miocene salt-bearing group of the Adarbaijan province of Persia, The clay-shales 

are associated with gypsum layers and veins, which occur not only in this horizon 
but throughout the overlying strata. 

This group passes upwards into sandy shales, with concretionary brown sand- 

stone and yellowish brown earthy shales. The passage from 

tae lisesh d mation. the Oerithium-clays into the group (4) is so gradual that 

I must assume the latter to have been deposited under es- 

tuarine conditions near a gradually shallowing sea. Of marine fossils I have 

found none in the group, but some plant-impressions, mostly fragments only, besides 

badly preserved fish and crushed crustacean remains are common. Veins and 

irregular layers of gypsum are found throughout the group, which is well exposed 

on both sides of the Mathér valley in which the tertiary series forms steep 
cliffs. 

Group (4) is overlaid conformably by a series of beds, which all pass gra- 

dually from one into the other, and evidently form one 


Thickness. 


ee structural unit. They are all freshwater deposits, probab- 
ly of ftuviatile origin, and remarkable for the bright deep red, brown or green 
colours prevailing. 


The lowest stratum of this series is a coarse conglomerate which is chiefly made 
up of rolled debris from the cretaceous limestones cemented together by a red- 
1 Journ. As. Soc. Beng., IX, 1840, p. 1126. 
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dish calcareous matrix. It is well seen on both sides of the valley and near both 
ends of it, but perhaps may best be examined north-west of the village of Mathar, 
on the right side of the stream, where i observed it to rest seemingly conformable 
on the underlying upper miocene rocks. With this conglomerate and above it 
are thick beds of densely red coarse sandstones, alternating with a few thin 
earthy purple layers, The total thickness of this group is vory great; at Mathar 
not less than 800 to 1,000 feet are exposed of it, but in other sections this figure 
is largely exceeded, and is most probably several thousand feet. Tho group is of 
wide-spread extent north of the central Afghan watershed, and may bo scen in all 
sections below the more recent Chiull deposits. 

The groups 6, 7, 8, and 9, which form with 5 a structural whole, are, of course, 
not divided from each other in any defined manner, but pass from one into the 
other very gradually. 


i ei in other It only remains to trace these groups in other localitios. 


In the Bamidn valley itself the conditions are very similar; in a synclinal of 
upper cretaceous rocks, an apparently complete scrics of 
tertiary rocks is enclosed, I was unable to examine the 
Bamiain section closely, as I was at the time suffering from 
severe fever, but fortunately Captain Hay (see footnote on precoding page) has 
given a description of that locality. 

The only other section where unquestionable lower 

tertiary rocks crop up is that of the Oxus valley, which 
presents altogether very interesting features. 
Conformably on the northern flank of the cretaceous anticlinal, south of 
Tashkirghfén and Balkh, I found the oldor tertiary 
clays and sandstones more or less identical with the 
groups as described from Mathar, and they pass here alag 
gradually into the bright red and green clays and sandstones of the lower 
phiocenes. 

The whole series dips under a gradually lessening angle below the aerial and 

filnviatile deposits of the Oxus plains to crop up again at 

Pritt as a their northern margin. The tertiary series seems strongly 

developed on the Bokharan side of the valley, but politica, 

reasons prevented my visiting the right banks of the great river. Between Kilif 

and Kham-i-ab the Oxus cuts an outcrop of the tertiaries and luckily exposes 

some of the marine miocene strata, and perhaps some portion of the group 1 
(page 255). 

The cliff above the head-land of the Kilif ferry (Afghan side) is composed of 
Rit sandstones with alternating shell-limestone, dipping at an 
Shell limestone, : angle of about 60° below the blown sands of the great plain 

which stretches south of the river. The shell limestone 
contains some Ostrea, Pecten, and Bryozoa, which all bear a strong resemblance to 
species figured by von Abich from the salt-bearing miocene of north-western 
Persia. 


Bamidn. 
Complete series. 


Oxus valley 
Lower tertiuries. 


South of Tashkdr- 
ghan 
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This complex of fossiliferous strata rests on irregular beds of white lime- 
; . stone, which forms the cliff west of the Kilif ferry; alter- 
ao with gyP- nating with it and replacing the limestone laterally are 
large deposits and irregular masses of gypsum of reddish 

and black colour. The limestone yielded a few badly preserved fossils. 

The same gypsum group crops up again some 30 miles further west in the 
cliffs of Kham-i-ab on the Afghan-Bokhéran frontier, 
where the formation forms a bold scarp facing north and 
gently dips below the recent deposits of the Chill south of it. In one of the 
irregular layers of soft white limestone of Dev-Kala, a 
prominent hill south of Kham-i-ab, I found a few marine 
remains (bivalves) which await determination. 

I venture to identify this group of rocks on the Oxus 

Identification with with the typical miocene formation of Persia and Armenia, 
gypsiferous formation of . ; : : : 

Persia. which seems identical with the gypsiferous series of Loftus, 

I am told that at the western slopes of the Koh-i-Tan in Bokhiéra, some 35 to 
40 miles north of Khwaja Salar, some good rock-salt occurs in beds similar to the 
gypsiferous group of Kilif. The rock-salt is mined and largely used by the 
inhabitants on both sides of the Oxus. It is of a fleshy pink colour. 

Pliocene formations in It remains now to describe the pliocene formations 
Turkistén. which occupy 2 very large area in Turkistin. 

The Math4r section shows an apparently perfect conformity between all the 
strata composing the tertiary series; that, however, is not the case everywhere, 
Not only in the area between Mathar and the Oxus valley, but in all sections west- 
wards of the Balkh-ab, I found the easily recognised bright coloured rocks of the 
pliocene series resting directly upon strata of the upper cretaceous group, and in 
most cases with apparent conformity. 

After the close of the miocene period the conversion of a great part of the 
Central Asian sea into wide plains and isolated lake basins was finally accom- 
plished, and the wrinkled and folded surface of marine deposits was gradually 
covered with a huge thickness of sandstones, clays, and sands during the pliocene 


and recent epochs. 


Kham-i-ab. 


Fossils at Dev-Kala, 


: There is nowhere a marked lithological difference be- 
jo ee a tween the pliocene deposits and the recent accumulations 
pliocene and recent de- of sands and gravels. The passage from the former into 
posite. the latter is very gradual in most localities. 

The lower beds of the pliocene formations are only seen near the contact with 
the cretaceous limestones, or where the beds have been 
Occurrence and com- syficiently raised to bring them above the surface, and 
ica they therefore show in most cases the characteristics of 
great fans, accumnulations of river gravels, and intercalated beds of sands and clays. 
The whole lower portion of these deposits is nearly everywhere of a dense 
brick-red colour, with occasional thin clay bands of bright olive green. This 
formation seems of a perfectly uniform character over the greater part of 
: and Persia, and underlies everywhere the vast accumulations of 

blown sand of the Chall which fringes the Turkistén low-lands. 
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The cretaceous limestones formed probably an undulating table-land in plio- 
Pliocene etrate de. ez" times, in the wide troughs of which the sandstone 
posited prior to the ge- and gravels of that period were laid down. Subsacquent 
neral wrinkling of the wrinkling of this table-land into the compressed arca wo 
Turkisthn table-lsnd, see now has also crushed the later tertiary beds into 
narrow synclinals. This feature can be observed in every case, where the ter- 
tiaries and recent formations are exposed. 
The valley of the Belcheragh-Maimena! stream shows this structure excecd- 
ingly well. The greater portion of the synclinal along 
Crushing of the plio- which the stream runs must once have been filled hy plio- 
es aa ae eS pene gravels, clays, and conglomerates, which in this case 
were unconformable to the cretaccous limestone anticlinals 
on both sides of the valley. The force which completed the folding of the Tur. 
kistin rocks after the deposition of the pliocene gravels affected the latter also, 
and the section of these rocks near Katar Kala, between Maimena and Belcheragh 
shows now a high arch into which the pliocene rocks have been crushed, and 
which stretches across the synclinal trough of the valley, The present stroam 
has since then worked its way through the great thickness of gravels and sand- 
stone beds, leaving at some points only portions of the latter on each side of tho 
valley. They seem now to dip below the cretaceous limestone at several points 
owing to the partial inversion the strata of the latter have suffered in folding. 
The best exposures of the pliocene group may be seen along the northern 
_ zy margin of tho Turkistén high-lands, ¢.c., along tho north 
ie L ophisas hi Slope of the last anticlinal. Densely red grits, conglo- 
’ merates, and clays may be traced uninterruptcdly from the 
western corner of the Tirband, near Bala-Murghaéb, to Tashkarghan in Afghan- 
Turkistén. The coarser deposits (old fans) of the group rest usually conformably 
on the cretaceous limestone below, and with the latter they have now beon highly 
raised, and in some cases been bent vertically. Northwards the dip gradually 
lessens and apparently becomes nearly horizontal, 
There seems to be no great lithological difference between the pliocene accumnu- 
- lations and the more recent deposits, and I believe the pass- 
med by ariel pal a age from one into the other is very gradual. The greater part 
since pliocene times. of the recent accumulations are of aerial origin,and consist of 
unstratified loess deposits. I noticed similar masses of loess 
within the pliocene group, and I believe therefore that the physical conditions of this 
part of CentralAsia have not changed materially since the close of the miocene times. 
Some of the smaller and isolated areas of pliocene deposits within the great 
synclinals of Turkistén have probably been laid down in lake basins and river 
valleys, and so no doubt were some of the lower parts of the pliocene gravels and 
conglomerates near the northern edge of the high-lands, where the drainage from 
the hills spread over the great plains. But even in pliocene times, as at the 
present time, the fine dust and sand borne along by the northern air currents used 


? This name is distinctly written Maimena in Mr. Griesbach’s manuscript, but it would seem 
to denote the same as the equally distinct Maiména of other passages. Avuilable maps of that 
region do not afford means of correction. The accentuation is defective throughout.—Ep. 
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to meet the river-borne deposits coming from the hills, The sections of the Almar, 
Maimana, and Astar-ab streams all reveal the same facts: a short distance away 
from the edge of the hills, unstratified and irregular layers of loess lie between 
distinctly fluviatile formations, until still further away the former assume larger 
proportions, and finally the whole assumes the unstratified appearance of typical 
loess, which forms the wide Chill north of Afghan-Turkistén, 

Had I only observed the red grits and clays of the pliocene along the southern 
boundary of the Chall, I would most probably have looked upon them as being 
of more recent origin, but the sections of Mathar and Bamién seem to afford a 
key toa different interpretation. At all events the lower portion of this huge 
accumulation of conglomerates, sandstones, and loess must be of pliocene age, 


Recent formations. 

From the preceding section it will appear that the history of the pliocene 
epoch has been repeated during later times and is still being enacted at the 
present moment, There is practically no difference in the lithological character 
of the deposits of these eras. Now, as in pliocene times, kuge fans are spread 
out at the points where the present rivers enter the open plains and finer deposits 
are laid down further away from the fans, Air currents, probably little changed 
in direction since later pliocene times, bring yearly vast quantities of fine dust and 
sand and spread them over the low-lands of Turkistén, in the thick deposits of 
which the streams lose themselves with few exceptions. The finer particles of 
this dust is borne further southwards by the hot-weather winds and so find a 
last resting-place on the high slopes of the northern anticimals. North of the 
provinces of Maimana and Turkistén immense deposits of aerial formations 
extend—formations which date from pliocene times to the present day. Only the 
southern margin of these deposits belongs to Afghanistan; the remainder covers 
the greater part of Central Asia and forms the lower reaches of the Oxus with 
the Aral and trans-Caspian region. 

Here also the separation of coarser sand from finer dust is apparent and pro- 
duces land of quite different nature. The coarser sand falls to the ground first 
and composes the great Turkoman deserts. Further south the finer dust pro- 
duces the steppes of Afghan-Turkistan, known as the Chill, which is still partly 
irrigated and under the influence of a larger amount of atmospheric moisture, and 
hence generally covered with good grass. According to Richthofen’s observatians, 
who has studied the aerial formations and steppes of northern China, these last 
two factors—moisture and vegetation—caused the cementing together and partial 
change of the air-borne particles of sand and dust and so caused the formation of 
unstratified loesa deposits which cover immense portions of Central Asia. 

Tn connection with the recent formations there are chiefly two features which 
I will notice here ; the first is the fact that the folding process is still active at 
the present time, and the’second feature is the accumulation of vegetable matier 
in certain areas of the Chill. 

The first fact seems proved by two observations: (1), at all the points where 

; the present rivers of Turkistén form high alluvial banks,— 
neers snd this is the case slong their lower reaches in the 
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plains,—it is plainly seen that the beds composing these deposits have undergone 
considerable disturbance. Near the northern margin of the high-lands, sands 
and gravels of the younger alluvial deposits are raised high up, in some cases 
nearly vertically ; further away from the older anticlinals the dip of tho recent 
deposits flattens gradually and forms the plains of Turkistan. 

(2.) The valley of the Oxus between Akhcha and Tashkdrghdén is formed 
chiefly by extensive and probably very thick deposits of clays, gravels, and loose 
sandstone. Near the river, and forming a belt of varying width, thick waves of 
blown sand cover this base of fluviatile deposits. The latter has been formed by 
the Oxus with its tributaries, the present Khulm, Balkh-ab, Sar-i-Pil, and 
Maimana streams, At the present time none of the latter reach the Oxus itaelf, 
but lose themselves in, and are diverted by, a great swell in the ground which 
extends more or less parallel with and north of the edge of the hills, and north 
of the populated districts of the plains, Though I have not seen any section of 
this ‘rise’ or swell in the valley of the Oxus, I believe that it is the beginning of 
ap anticlinal which has formed in comparatively recent times. The Oxus itself 
is a good illustration of the fact known as De Baers’! law, inasmuch as it 
steadily encroaches on its right banks, at the same time depositing dotritus on 
its left side. The river comes in great sweeps from Badakhshan, diverted cer- 
tainly here and there by far projecting ranges, but on tho whole steadily pressing 
northwards and so removing material from its right bank. It therefore hugs the 
hills of Bokhéra the whole way. If no other agencies wore at work, the river, 
in its endeavours to transgress on its right banks, would have levelled tho cliffs of 
Kham-i-ab and Kilif, instead of, as appears now, having cut off a corner of the 
miocene group which f ~ms the Bokharan side. The dip of these miocenv strata, 
not less than the partially raised recent alluvial accumulations near the latter, 
prove that the gradual bending of the tertiaries of the Oxus basin into an anti- 
clinal is going on at the present time. The river is as it were flowing along the 
crest of » mountain range now in course of formation. Here denudation keeps 
pace with folding, and hence the excavation of the river channel between the cliffs 
of Kilif and Kham-i-ab. 

I believe the swell mentioned above to be simply another line along which an 
anticlinal is forming at the present time. The gradually rising fold being parallel 
with the direction of the river has aided the exertion of the latter to encroach on 
its right side and so resulted in the Oxus being gradually forced over the miocene 
deposits of Kilif, into which the river eroded a channel, whilst the left banks conti- 
nue to bend into a new flexure. 

The lesser eroding power of the former tributaries of the Oxus in Turkistan 
could not keep pace with the steadily rising area of the new fold, aided by the 
accumulations of aerial formations which collect mainly along the northern curves 
of this flexure, and hence the streams have now been cut off from the Oxus and 
are mostly lost in the Turkistén plain or form irregularly shaped marshes. 

The second feature which I observed in connection with the modern deposits 
of rivers seems to me of considerable importance in illustrating certain conditions 
under which carbonaceous deposits may have been formed. Afghanistan, cspeci- 


* Bull. Acad. St. Petersburg II, 1860. 


262 Records of the Geological Survey of India. [voL. XIX. 


ally the hilly portion of it, is remarkably poor in vegetation; its hill-sides are all 
but absolutely devoid of any. Trees are very few and far between, and grass 
exists only as separate tufts here and there. The lower slopes are generally well 
clothed with fine grass amongst which thistles and camel-thorn species flourish, and 
in some places altogether replace the former. The scorching dry winds of the 
Summer soon dry every blade of grass and every single thistle, which after a time 
are reduced to more or less of a vegetable dust. The dry stalks and scrubby parte 
of thistles and camel-grass become now the sport of the wind, and it is not uncom- 
mon to see them accumulated into the shape of large balls or bundles careering over 
the dry surface of the hill-sides. Most of the smaller rivulets in the hills become 
quite dry during that season, and others are reduced to quite small runnels, In 
the spring, however, when the snow melts and tremendous thunderstorms break in 
the mountains, every little streamlet changes into a violent torrent, whilst the big 
rivers become altogether impassable, often for months. At thatseason the channels 
of all the hill streams, previously choked with vegetable dust and debris, are tho- 
roughly cleaned out. Soare the hillesides and sloping plains, with the result that 
all this organic matter, representing more or less the entire vegetable growth of 
the preceding year, is washed down into the big rivers of Turkistén, which then 
are in flood. They are then more or less completely covered with a thick coating, 
a floating mass of vegetable debris, which consists chiefly of powdered and broken- 
up grass, some fragments of scrubby plants, such as thistles, and only a few broken 
branches or whole trees. 

As I had to cross the principal mountain streams during my tour in the spring 
of 1886 I was forcibly struck with the fact that in a country so bare of vegetable 
growth as Afghanistan, every stream during spring-time was nothing but a sewer, 
in which almost everything that had grown the preceding year was washed down 
to the plains. 

Had Afghanistén a climate more moist, and were the hill-sides covered with 
forests, the vegetable matter contained in the streams during spring-time would 
probably be very slight in comparison with what it is now. Grasses and annual 
plants would decay locally, more or less held together by tree-growths and the 
moister surface of thesoil. As it is, however, the scorching and almost persistent 
winds which prevail in Afghanistén reduce every blade of grass on the hil-sides 
into a yellowish brown dust before the hottest days of the summer are over, 

I was especially struck with this during last spring, when I crossed the 
Balkh-ab by the bridge at Akhkabrék. A thunderstorm had broken in the hills 
to the south and the river came down a seething mass of chocolate-coloured 
liquid. Its surface was covered thickly with vegetable matter, such as I have 
described above. It was evidently the result of an extensive ‘wash’ of the 
whole hill-sides. Se matted and thick was the mass of vegetable matter, that 
I noticed birds being able to alight on it, though it was floating all the time, 
With it, the water holds in guspension a large quantity of mineral matter and 
brings down large boulders. The noise of the latter as they rattle down with 
the current is sometimes qnite deafening. I observed the latter fact when 
encamped at Haiback close to the Khulm river. It happened to come down in 
flood after a terrific thunderstorm, and the noise of the moving stones in its bed 
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was far exceeding that of the rushing torrent, and I could only liken it to the 
clash of machinery. 

The mineral matter held in suspension falls gradually of course as the river 
proceeds, and the water will be almost free from such matter near the end of ite 
course, where the river ‘runs to earth’ in the plain of Turkistan, Not so tho 
vegetable matter floating along. Only a small proportion of it will find a resting 
place along the banks, as it ia constantly again swept away by subsequent floods. 
Almost the entire sweepings of the hill-sides of the Tirband, of tho Hazarajat, 
and the Turkistén high-lands generally find their way into the rivers and even- 
tually get stranded in the reedy marshes of the Chill, where in time the voge- 
table substance must form vast deposits in isolated areas. 

Much of the water is used up for artificial irrigation, and with it no doubt a 
great deal of the vegetable matter helps to manure the lands of Turkistén; but in 
times before man helped to shape the course of natural events, tho accumulations 
of vegetable deposits in the marshes of the Central Asian plains must have been 
very large and seems to me to explain the existence of coal-beds in formations 
which evidently were deposited in an area and epoch poor in veyetable produce, 
with a flora poor at least in species, if not in actual quantity. 


Glacial formations. 


There are no glaciers existent at the present time in Afghan-Turkistén. But 
that such filled some of the high valleys in former days, probably contemporary 
with the older alluviums, is proved by huge glacial accumulations in several loca- 
lities which I have visited. Some of them seem so fresh and undisturbed that it 
is difficult to believe that behind them glaciers do not still exist. 

High boulder bed terraces exist in nearly all the valleys, and some of them may 
be of glacial origin. Particularly well developed I found such in the valley of 
the Almar stream near Sarakh-dara and on the north slope of the Kara Galli pass 
south-west of Maimana. 

I have however seen unquestionable glacial formations in several localities, 
as for instance in the valley of the Yakh-dara, west of Fatghan, near Shisha 
Alang and Chahil, at Karmard and other places. 

In the Yakh-dara and at Chahil the deposits may perhaps be best studied. At 
both places the old glacier has retired, leaving its moraines perfectly undisturbed. 
At Chahil the valley is still blocked by the old end-moraine which forms a dam 
of boulders about one mile long right across the valley behind which the basin of 
the former glacier stretches, bounded on each flank by side-moraines. The floor 
of this glacial basin is covered with a fine mud, and half of it is occupied now by 
2 deep lake. The drainage escapes through a narrow opening in the centre of the 
end-moraine. 

Summary. 


The sections which I examined this year are about midway between the 
; ; Himalayan, Indian, and the Persian areas, and naturally 

j ee ad- show certain affinities with these regions. . 
It appears probable that rearly all the horizons describ- 
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ed in this paper are represented in Persia also. With the exception of the forma- 

tions enclosed between the carboniferous Productus-limestone and the upper 

Jurassic beds, all or most of the horizons of the Hazarajét are also seen in the 
Himalayan or sub-Himalayan areas. 

As might have been conjectured, the likeness between th e formations of eastern 

Khorassan and the Herat Province with Turkistén is 

and ee erat Pott striking, and would probably be found still greater, if I 

had had better opportunities of studying the former last 

year. The following table will show how the different horizons of these provinces 


may be correlated :— 








Turkistén. Herat Province. Khorassan. 

Blown sand of | Alluvial de apo 5 ; blown sand of Herat| Blown sand, north-eastern 
Chdll; alluvial! valley and northern Badghis. Khorassan; alluvial deposits ; 
deposits. salt-pans. 

Upper pliocene and | Loess of Badghis with beds of sandstone] Loess deposit of lower Jam val- 

ee loess of | and conglomerates. ley, Nishapur plain, &c. 

Lower pliocene of | Upper sandstone and plant-beds of Herat P 


Mathér (plant- Lee AA elie beds); north of Shabash, 
beds). Red and white clays with 


fres oa Mtg shells of Sakhra in the Mur- 
ghab valley. 


Upper miocene | Lower plant-beds of W with gypsum. P 
(estuarine) of} Rede 7° and gmts with Ostrea alton: 
Mathar. dag be Nad a (Nimak-sar and Khwaja 


Lower miocene of Sandstone with Ostrea mulitcos- 


Mathar. tata Desh , near Khaf 
Eocene of Bajgah, ? Nummulitio limestone with 


rhyolites, between Nishapur 





Up oe White chalk | White lime-| Hip puritio| White chalk of Kolat-i-Nadri 
oP Tarkis with fossils,} stone with| limestone o and Zorabad. 
Inoceramus-beds of Zorabad. 





south of | Inoceramus| the Dos 


Kila Nao. inst §=oat| range and) Hwogyra-limestone, Takht-i- 
Eaogyra-lime-| Z and; Paira. Gatizak near Pul-i-Khatun, 
stoneof Dar-| Ardewan!} Coral lime-| Kelat-i-Nadri, &. 
band, south | pasa. stone of the 
of Bala Mur- Doshakh 
ghab. peak. 
cretaceous| White sand-| White maris Trigonta-beds and shell lime- 
b, oie frm and ola stone of the Takht-i-Gauzak ; 
‘fess . shales with white plant-sandstone of 
parm yw +» | marine foa- Kelat-i-Nadri. 


and plant-| sils of Zulfi- 
remains of | kér 


the Kashka 
Kotal. Shell 
limestone of 
the Band-i- 
Baba. 
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haa 
eM Se we 





Turkistan. Herat Provinces. | Khorassan. 

Red grita (with | Barchut range (Chasma| Red grits . | Kat-i-Shamahir 
voleanic brec-| Subz pass, Robat-i-, (S. FE. of Maésh- 
cia). Surkh pases, Ardew.n) hdd) ; Madan 

ass, Kurukh, Daven- west of Nisha- 

r range, &c. ) pa 3 Firaiman 
. EB. of Mash- 
héd Yaktén 
ravgo. 


Jurassic group of | Black shales | Kurnkh valley, Kobét-i-- Black shales , Zorabad; Garm- 
Astar-ab and| (plant-remaine), Sarkh pass. (with frag-| ab (Kat-i-Sham- 


north slope of ments of| shir range); west 








Kara Koh. plants). of Takht-i-Gatie 
zak. 
| Brachiopod lime: | Iaoza. Limestone | Gaukharchang 
stone. and shalos Aa8 (Burj-1- 
(with marine alij Khan). 
fossils). 
Rhetic ? of Shisha |Brachiopod lime- | Kholi Biaz east of Herat. P 
Alang. stone. | 
Halobia lommeli| Plant-shales and Ditto ditto. Green shales of Yaktdn rango 
group of Chahil,{ sandstone. and Dehrud pass. 
&c. Green shales : Ditto ditto. 
Lower trias and | Green plant-shales Ditto ditto. P 
anthracite group; with coal-seam. 
(permian). 


Carboniferous of |Varboniferous Pro- | Robét-i-Pai; Doshakh Carboniferous Productus-lime- 
Ak Robét. ductus-lime- {| range; kholi Biaz. atone of Yaktdén range, Dehrup 


stone. | pass, &c., &c 


It will be seen that up to the close of the jurassic group the difference 
between the lithological characters of the various sections is not great. The 
carboniferous Productus-limestone was certainly laid down under purely marine 
conditions. From the close of the carboniferous to upper jurassic times a littoral 
character prevails in all the deposits from eastern Khorassan to the frontier of 
Badakshan, and I may conclude that, during permian times, the sea gradually 
became shallower, even leaving isolated basins and estuaries along the Perso- 
Turkistén tracts. 

While the sea continued to retreat further northwards during jurassic and 
lower cretaceous times in the eastern portions of Turkistan, other parte of the old 
coast-line became gradually again submerged and the overlap of the sea reached 
its maximum extent in upper cretaceous times, when vast tracts of south-eastern 
Europe, Persia, and Afghanistén with Beluchistin, Sind, and the north-western 
margin of the Indian continent were covered by an ocean, which was most probably 
continuous over these areas, 

From that time forward eastern Khorassan and Turkistén, and indeed the 
greater part of Persia, seems to have enjoyed much the same physical conditions. 
As my work in Khorassan and the Herat province was only of the nature of a 
reconnaissance, some blanks appear in the foregoing table, where probably whole 

G 
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groups could be recorded if I had had opportunity of examining certain sections 
more carefully. 

The literature which bears on matters relating to Persian geology is very 

_ large, but the only connected accounts which we possess, 

Rider tea Persia we owe to Abich,! Grewingk,? Loftus,’ Blanford,* and 

Tietze,’ and according to these authors it appears that the 

geological structure of northern and north-western Persia closely corresponds with 
that of Afghanistan. 

From the upper cretaceous to the youngest formations the resemblance is very 
strong. The passage from the upper cretaceous into the nummulitics and lower 
tertiaries is very gradual, as Abich has shown for the north-western Persia. 
There are also miocene marine deposits, overlaid by great thicknesses of a marine 
salt and gypsum formation in which densely red rocks predominate, which form- 
ation (the gypsiferous group of Loftus) passes upwards into a freshwater group 
containing plants and mammalian bones, which stratigraphically corresponds with 
my pliocene freshwater group. 

Along the entire Elburz range there appears below the upper cretaceous 
(hyppuritic) group and the true carboniferous (marine) rocks a great thickness 
of deposits, which contain in certain localities plant-remains of Gondwana types, 
and in north-western Persia some marine jurassic fossils in its upper beds. 
Coal-seams are found in many localities. I think it very probable that this series 
of deposits represents all the horizons which I found in Turkistén between the 
carboniferous and the cretaceous group. I hope to find the opportunity at some 
future time of examining this plant-bearing series of the Elburz and so establish 
its exact relations with my Turkistén sections, 

Several of the groups of strata which I observed in Turkistan show close rela- 
tionship to formations found inthe Peninsula of India, the 
Central Himalayas, and Kashmir, All along the northern 
margin of Persia, through the Herat province and 
Turkistén, runs a more or less connected line of carboniferous rocks, containing 
marine remains common in the carboniferous beds of Europe. Formations of 
more or less identical lithological character and containing the same carboni- 
ferous fauna are found all along the Himalayan ranges from Kashmir to the 
frontier of Nepal. Several of the forms found in Kashmir and in the Perso- 
Afghan areas are identical, and it appears most probable that during carboniferous 


Tndia and the Hima- 
layas. 


2H. von Abich: Vergleichende geognostisehe Grundziige der kaukasiseben, armenischen und 
nordpersischen Gebirge. Mem. Acad. Sc, §t. Petersb. Vol. VII. 859—536. 
H. von Abich, Uber das Steinsalz in ross. Armenien; pages 61—160. 
Do. Beitr. zur Palwontologie des asiat. Russi. ; pages 587-577, 
Do. Eine Bergkalkfauna aus der Araxesenge in Armenien. Wien 1878 etc. etc. 
+  3Dr. C. Grewingk, Die. geogn. und orogr. Verh, des noérdl. Persiens,—Verh, Kais. min. Gesell. 
St. Petersb, 1853, p. 208. 
*W. K. Loftus,"on the Geology of portions of the Turko-Persian frontier, etc. Quart. Jour. 
Geol. Soc, 1855, Vol, XL p.247 °* 
4 W, T. Blanford, Eastern Persia. London 1876, pp. 487—506. 
§ Dr, E. Tietze, papers in Jahr. K. K. gool, Beichsenstalt 1875, pp. 129—140; 1877 pp. 1—6, 
p- 341—400 ; 1876 p. 169-206 ; 1670 pp. $65--856 ; 1681 pp. 67180. 
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times these tracts were connected by sea. That connection scoms to have con- 
tinued, partly at least, up to later permian times, for iu beds belonging to that 
epoch on the Araxes are found identically similar forms as in the beds with 
Otoceras woodwardi in the Central Himalayas, which I included in tho lower trias 
at first, with which horizon they are structurally connected, 

Whilst purely marine conditions prevailed from carboniferous to tertiary times 
in the Kashmir and Himalayan areas, the sea began to retreat gradually along 
the whole Perso-Turkistan line soon after the close of the permian epoch. 

No marine beds seem hitherto to have been found in the Elburz lower moso- 
zoic deposits; in Turkistan, however, I found several well-marked triassic and 
later horizons intercalated between beds of distinctly freshwater or estuarine 
character. Amongst them I recognized strata with Monotis salinaria and Halvdia 
lommeli, both good upper triassic (Hallstadt) types. The horizon has been recog- 
nized by Stoliczka! and Lydekker® in the Spiti and Zanskar arcas. I found it 
well represented in the Central Himalayas of Kumaon. In addition to this the 
Turkistén group contains also some Gondwana types of plants, which probably 
grew on the trisasic land south of the Hazarajit, which may have boen connected 
with the Indian Gondwana continent. 

In the jurassic series I have only found one group of deposits which reminded 
me very strongly of a Himalayan horizon, namely, the Spiti shales, Lithologi- 
cally the black alum-shales of Khorak-i-Bala ond Doab in Turkistdn and the 
Maimana province, no less than similar beds in Khorassan, seem undistinguishable 
from the Spiti shales, from which, however, they differ in their fossil contents, 
I found similar shales at the base of the cretaceous group of the Takht-i-Sulimaén 
west of Dera Ismail Khan. 

The tremendous overlap of upper cretaceous deposits with the entire tertiary 

series of Turkistin seem rather to agree in their broad 

Cretaceous ant tatters: outlines with similar formations in Beluchistan, Sind, and 

the north-west frontier than with the Himalayas, with which I have not been able 
to correlate them. 

The upper cretaceous rocks seem to have been laid down in a sea which 
stretched from the Adriatic to Afghanistan and round the north-western margin 
of India almost uninterruptedly, for both the lithological characters and tho fossil 
contents of the upper cretaceous group scem very constant over the entire area. 
With eocene times some changes occurred, for the tertiary deposits of the Perso- 
Turkistin and Indian seas show some great differences. It may probably be 
found that the tertiary series of Sind and Beluchistaén is perhaps structurally 
connected with the Perso-Turkistén rocks; there seems at least a similar succes- 
sion of marine to freshwater series in both these tracts. 


Shadian, near Balkh, 1st September 1886. 


3 Memoirs Vol. V. p. 44. * Memoirs Vol. XXII. p. 168. 





268 Records of the Geological Survey of India. [VoL, xx. 


Notice of a fiery Eruption from one of the mud volcanoes of Cheduba Island, 
Arakan.? 


The following report, dated Ist of August 1886, from the Deputy Commissioner 
of Kyauk Pyu has been communicated by the Commissioner of Arakan :— 


“‘T have the honour to bring to your notice that the Myooke of Cheduba reports that on 
the night of the 3rd instant at about 11 p.m. an eruption took place of one of the volcanoes 
in the Minbya Circle of the Island of Cheduba. The volcano, the fire burst from, is Nagabyin- 
quin, called Nagapho (male). The flame rose to the height of 1,000 feet, the circumference 
or girth of it was about 500 feet; only lava and mud were thrown up, and it strongly smelt 
of petioleum. There was no damage done to cattle or human life.” 


The ‘lava’ means no doubt ejected fragments of the sedimentary rocks of 
the locality: see Vol. XI, p. 202. 


Notice of the Nammianthal aerolite, by H. B. Mepuicorr, Geological Survey of India. 


Nammianthal is a village in the South Arcot district of the Madras Presidency, 
6 miles north-east of the town of Tiruvannamalai, approximately at 79°-12' E. 
Longitude and 11°-17' N. Latitude. On atlas sheet No. 78 these names appear 
as Lamundel and Triomallee (old spelling), The fall occurred on the 27th January 
1886. The stone was received in a single piece, but a portion had been broken 
off and about a fourth of the crust chipped away by the first official (a Police 
officer) who obtained possession of it. Its weight was 4,519 grammes: specific 
gravity 3°68. There was nothing remarkable in the shape: an irregular out- 
line, with rounded edges and angles, and pitted over the surface in the usual 
manner. It is a rather coarse-grained oligosiderite, of very firm texture. 

In forwarding the specimen the Collector of the district furnished the follow- 
ing account of the fall:—“‘One Ramasamy Goundan is said to have been in his 
field facing west, when he heard a loud report behind him (i.e. the east), and 
turning round observed the fall of the aerolite, which is said to have been accom- 
panied by steam or smoke. The sky was cloudy at the time. 

“The observer is reported to have become insane since the date of this occur- 
rence. I have therefore been unable to gather any further information as to the 
circumstances of the fall.” 


Analysis of Gold-dust from the Meza Valley, Upper Burma, by B. Romanis, 
D.Sc., Ohemtoal Examiner to the Government of Burma. 


The Meza river is a western affluent of the Irawadi close to the town of Maya- 
doung, about 130 miles above Mandalay. The specimens were sent by the Deputy 
Commissioner of Katha, a station on the Irawadi some 35 miles higher up, and 


2 For previous notices see vol, XI, p. 188; XII, 70; XIU, 206,; XIV, 196; XV, 141; XVI 
204; XVII, 142; XVII, 124 


* 
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50 miles below Bhamo. The sample A was found at the foot of a range of hills 
30 miles west of Katha; its composition was as follows :— 


Gold ; p ;: é : ; : ‘ ‘ 87°66 
Silver : : ‘ ; ‘ ; ? : 5°96 
Copper es ° ‘ . . . ‘ ‘ ‘ 1°95 
Silver m . ‘ ‘ : ‘ . ; 154 
Gangue' {Magnetite. . .- «© «© «© «© «| 0-82 
Quartz. : . : ° ‘ . s 7 1:09 
Loss on ignition. ; é ; . : 1°48 


The specimen was in comparatively inne ee grains, with adhering 
guartz. The silver was partly alloyed with gold, partly in tho residue insoluble 
In aqua-regia. Under the microscope I picked out an octahedral crystal of 
chrome iron and a grain of iridosmine. 

The sample B was from the river sand ; it was in small smooth grains. It con- 
tained little magnetite, but a comparatively large quantity of iridosmine. Analy- 
sis gave the following result :— 


Gold ;: ; ‘ . ; : , . . ° . 7483 
Silver ‘ ° . . : . . 2 86 
Platinum (with trace of iridium) ‘ . : , : : 2°63 
Iridosmine ‘ ; ; : , ‘ ‘ ; ‘ 7'04 
Zirconia . ; . ‘ ; . ; ; j 7°08 
Silica (by difference) . : ‘ ° E . 5°66 


The iridosmine is known to the sabi washers as shin-than (clear iron), but 
they reject it as useless ; so it seems likely that with due care a much larger pro- 
portion might be procured.} 

In connection with the analysis of the gold, the following brief notico of the 
gold diggings in the Katha district may be of interest ; it is abstracted from a re- 
port by Mr. H. M. S. Mathews, as published in the Rangoon Gazette of the 18th 
August 1886. 

Five principal localities are noticed: (1) Ma-In-Shwemu, 70 miles north- 
west of Katha and 38 from Maing-Kaing on the Chindwin, several days by boat 
above Kindat; (2) Kaba Schwemu, 15 miles west of Wuntho; (3) Mauhaing 
Schwemn, 25 miles west of Manteit; (4) Ko-nan-yua, 20 miles north-west of 
Manteit; (5) Nanka Schwemu, west of the Mu river and on the same parallel as 
Wuntho. There are old workings in the Katha district itself, also in the inde- 
pendent country north of Ma-In. 

There are three different methods of working : 

(1) Shallow channels are dug in the gold-bearing ground, with deeper pools 
at intervals to serve as catchment basins. Water is then conducted into the chan- 
nel from the nearest hill stream. After a few hours the water-supply is divertcd 
and the water baled out of the basins, the silt collected in these being carefully 
washed for gold dust, 

(2) By washing the silt collected during the rains in deep catchment drains, 
sometimes a mile and a half long, and generally the common property of a 
village. They yield from 5 to 20 rupees weight of gold in the season. 


1 For a notice of iridosmine from the stream gold of Upper Assam, see a paper by Mr. Mallet 
in the Records for 1882 (Vol. XV, p. 53). 
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(3) By mining the auriferous layers in the deep alluvial deposits. The layer 
is generally a span or less in thickness of dark sandy pebbly soil overlaid by a 
red layer of similar composition, which is again overlaid by ordinary loam, from 
5 to 20 cubits in depth. In the dry weather drifts are driven from the bank of a 
stream on the outcrop of the gold-layer. At intervals of about 7 or 8 cubits a 
shaft is sank down to the drift, apparently to secure escape in case of a fall of 
earth ; the drift is then continued in the most promising direction. The earn- 
ings are very uncertain: from Re. 1-4 weight of gold to only 4 annas weight in a 
month. At the diggings the gold is valued at about Rs. 20 per rupee weight ; 
at Katha the price is 20 to 30 Rs. 

The gold-seekers are principally Kado Shans, 7,¢., half-bred Shan Burmans, 
they work for two or three months in the year, and for the rest as ordinary culti- 
vators, The workings are said to have been carried on for 300 years. In 1882 
the Burmese officials were expelled by the Wuntho Chief who holds the country 
still. 


ADDITIONS TO THE MUSEUM, 
From let Juty to 30TH SEpremBzer 1886. 

‘Dhobi’s earth,’ sand with carbonate of soda, locally used in washing clothes, occurs in 
patches among the low sand dunes on the shore of the Godavari delta; and some 
sulphurous earth, from the Godavari delta. PRESENTED BY Mr. J. VanstTavERN. 

A piece of orpiment from Chitral, from hills north-west of Killa Drassan. 

PRESENTED BY Dr. GiiEs, Gitenit Mission. 

Cobalt ore from Babai, south of Khetri, and slag from old disused copper mines, 20 miles from 


Babai near Dhanaota, about 1 mile north of Udeypur, a village in Jeypore. 
PRESENTED RY Dr. J. P. Strarron, Potitican AGENT, JEYPORE. 


A collection of minerals about 42 varieties, and 3 specimens of Zozoon canadense, from 
Canada. PRESENTED BY Sin J. WiLt1amM Dawson, 

Specimen of gold dust from river sand, from Meza Chyaung. 
PressntTsD BY De. R. Romanis, CoEmicat Examiner, Burma. 


A slab, 18 inches square, of red marble, cut and polished, from Jeypore, Rajputana, 
PRESENTED BY THE JEYPORE Musxvum. 


The nearly entire meteorite that fell on the 27th January 1886, at Nammianthal village, 
6 miles north-east of Tiruvannamalai town in South Arcot, Madras, weight 4519 gram- 
mes. Sent By THE CoLLectoR OF SourH AxcorT. 


Nineteen specimens of minerals from German localities. 
By ExcHaNGk, FROM THE JENA UNIVERSITY Musevx. 


ADDITIONS TO THE LIBRARY. 
From ler Juty ro 80TH Serremper 1886. 


Titlee of Books. Donors, 
Bacxnovsr, James.—On a mandible of Macherodus from the forest-bed. With an appen- 
dix by R. Lydekker. 8° Pam., London, 1886. R. LYDeEKER, 


Brown’s.—Klassen und Ordnungen des Thier-Reichs. Band VI, abth ITI Reptilien, lief. 
50-53. 8° Leipzig, 1886. 
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Tttles of Books. Donors. 
Brossarp, E.—Essai sur la constitution physique et géologique des régions méridionales 
de la sub-division de Sétif (Algérie). 4° Paris, 1866. H.B.Mepticorrt. 
Burma.—Papers on the Geology and Minerals of British Burma, reprinted by order of C. E- 
Bernard, Chief Commissioner. 8° Calcutta, 1882. 
: GroLoaicaL Survey or Inpta, 
Burnes, James.—A narrative of a visit to the Court of Sinde; asketch of the history 
of Cutch from its first connection with the British Government in India 
till the conclusion of the treaty of 1819; and some remarks on the medi- 
cal topography of Bhooj. 8° Edinburgh, 1831. 
CaSTILLo, Antonio del, and BaArcena, Mariano.—Antropologia Mexicana. El Hombro 
del Penon. Noticia sobre el hallazgo de un hombre prehistorico en el 


Valle de México. 8° Pam. México, 1885. M. Barcena: 
Cautitey, Proby T.—On the structure of the Sevalik Hills and the organic remains found in 
them. 4° Pam., London, 1836. H. B. Mgpuicortr. 
Crarkg, John M.—On the higher Devonian Faunas of Ontario county New York. 8° 
Washington, 1885. H. B. Mepticorr. 


Corz, Edward D.—Report on the stratigraphy and pliocene vertebrate paleontology of 
Northern Colorado. 8° Pam., Washington, 1874. 
H. B. Mxpuicotr. 


a Review of the vertebrata of the cretaceous period found west of the 
Mississippi river. 8° Washington, 1874. H. B. Mrepuicorr. 

Cross, Whitman, and HILLEBRaND, W. F.—Contributions to the Mineralogy of the 
Rocky Mountains. 8° Washington, 1885. H. B. Mepuicort, 

Davipson, Thomas.—The Silurian Brachiopoda of the Pentland Hills. 4° Pam., Glasgow, 
1868. H. B. Mepuicors. 


Dawson, Sir J. William.—On the results of recent explorations of erect trees containing 
animal remains in the coal-furmation of Nova Scotia. 4° 


London, 1882. Tae AvurHor. 
+3 On some ansolved problems in Geology. 8° Pam., Salem, 
1883. THE AUTHOR. 
a On the cretaceous and tertiary floras of British Culumbia and 


the North-West Territory. 4° Montreal, 1883. 
THe AutHor. 


” On the Mesozoic Floras of the Rocky Mountuain Region of 

Canada. 4° Montreal, 1885. Tux AUTHOR 

Detaando. J. F. Nery.—Sobre a existencia do terreno siluriano no baixo alemtejo. 4° 
Lisbon, 1876. GEOLOGICAL SuBVEY, PortuGaL. 

59 Relatorio da Commissao desempenhada em Hespanha no anno de 


1878. 4° Pam., Lisboa, 1879. 
GEOLOGICAL Survey, PortTvuGA.. 
9 Note sur les Kchantillons de Bilobites envoyés a |’exposition 
géographique de Toulouse. 8° Pam., Toulouse, 1884. 
GEOLOGICAL Survey, PoRTUGAL. 


Fiscrer, Pauwl.—Manuel de Conchyliologie. Fasc. X. 8° Paris, 1886. 

Fisuer, Rev. Osmond.—On the variations of gravity at certain stations of the Indign Arc 
of the meridian in relation to their bearing upon the constitution of the 
earth’s crust. 8° Pam., London, 1886. THe AUTHOR. 
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Titles of Books. Donors. 
FontTanNnes, F'.—Note sur la découverte d’un unio plissé dans le miocéne da Portugal, 
8° Pam.; Lyon, 1883. Ggotoagicat Survey, Porrveat. 
0” Note sur quelques gisements nouveaux des terrains miocdnes du Portugal 
et description d’un portunien du genre achelons. 8° Pam., Paris, 1884. 
GroLocioaL Survey, PorTuGat. 
Franxin, James.—On tho geology of a portion of Bundelcund, Boghelcund, and the dis- 
tricts of Saugor and Jubulpore. 4° Pam., London, 1828. 
H. B. Mrprizocorr. 
Fyrcue Alber ¢t.—Burma past and present with personal reminiscences of the country. 
2 vols. 8° London, 1878. 
Gans, Wm. M.—On the topography and geology of Santo Domingo. 4° Philadelphia, 
1873. H. B. Mrp.uicort. 
GipBeEs, Robert, W.—A memoir on Mosasaurus and the three allied new genera, Holcodus, 
Conosaurus, and Amphorosteus. 4° Pam., Washington, 1850. 
H. B. Mzputcorr. 
Grant, C. W.—Memoir to illustrate a geological map of Cutch. 4° London, 1837. 
: H. B. Mep.icort. 
Hacusz, Arnold, and Ippines, Joseph, P.—On the development of crystallization in the 
igneous rocks of Washoe Nevada, with notes on the geology of the dis- 
trict. 8° Pam., Washington, 1886, H. B. Mzprrcorr. 
Hayne, Benjamin, and Bishop, B.—Memorandum with an analysis of the ores of copper 
in the Nellore and Cuddapah districts, and in the zemindaries of Venca- 
tagherry and Calastry. Together with a few remarks by C. A. Kerr. 8° 


Madras, 1835. H. B. Mepurcorr. 
Hector, James.—Preliminary report on the recent Volcanic Eruptions. Filsc. Pam., 
Wellington, 1886, Tae Avrnor. 


Hironcock, Edward.—Illustrations of surface geology. 4° Washington, 1857. 
H. B. Mepuroort. 
Inpo-CH1na.—Miscellanoous papers relating to Indo-China : reprinted for the Straits Branch 
of the Royal Asiatic Society from Dalrymple’s “ Oriental Repertory,” and 
the “ Asiatic Researches” and “Journal” of the Asiatic Society of Bengal. 

2 vols. 8° London, 1886. 

Invine, Roland Duer.—The copper-bearing rocks of Lake Superior. 4° Washington, 1883. 
REVENUE AND AGRICULTURAL DEPARTMENT. 
Invinc, Roland Duer and CHamser.in, 7. C.—Observations on the junction between the 
eastern sandstone and the Keweenaw series on Keweenaw Point, Lake 


Superior. 8° Washington, 1885. H. B. Mepurcorr. 
Jaune, Joseph F.—A revision of the genus Clematis of the United States. 8° Pam., Cin- 
cinnati, 1883. Tax AuTHor. 
6 Cephalopoda of the Cincinnati group. 8° Pam., Cincinnati, 1886. 
Tux Avruor. 


Jaunus, U. P.—Catalogue of the Lower Silurian Fossile, Cincinnati group, found at Cincin- 
nati and vicinity within a range of 40 or 60 miles. 8° Pam., Cincinnati, 
1871. Tuz AurHor- 
a Contributions to Paleontology : fossils of the Lower Silurian formation : 
* Qhio, Indiana and Kentucky. 8° Pam., Cincinnati, 1881. 
: - Tax AvTHOR. 


PART 4. | Additions to the Library. 278 


Titles of Books. Donors. 
Jauxs, U. P.—Descriptions of ten new species of Monticulipora from the Cincinnati group, 
Ohio. 8° Pam., Cincinnati, 1883. : Tue AUTHOR. 

Jupp, John W.—On Marekanite and its allies. 8° Pam., London, 1886. Tus AvTHoR. 

Katxowskxy, Erast.—Elemente der Lithologie. 8° Heidelberg, 1886. 

KrexpatTricx, Colonel.—An account of the kingdom of Nepaul, being the substance of ob- 
servations made during a mission to that country in the year 1793. 4° 
London, 1811. 

Lavuse, Gustav C.—Die Echinoiden der Oesterreichisch-Ungarischen Oberen Tertiaerablage- 


rungen. 4 Wien, 1871. H. B. Mepuicort. 
Lerpy, Joseph.—Memoir on the extinct species of American Ox. 4° Pam., Washington, 
1862. H. B. Mzgp.icort. 
se The ancient fauna of Nebraska; or, a description of remains of extinct 
Mammalia and Chelonia from the mauvaises terres of Nebraska. 4° 
Washington, 1863. H. B. Mepuicort. 
= A memoir on the extinct Sloth tribe of North America. 4° Washington, 
1855. H. B. Mepuicott. 
. Cretaceous reptiles of the United States. 4° Washington, 1865. 


H. RB, Meprzcorr. 
LypsEexkEr, Richard.—Description of a tooth of Mastodon latidens, Clift, from Borneo. 8° 


Pain., London, 1885. R. LYDEEKER, 
5 Note on some vertebrata from the Red Crag. 8° Pam., London, 
1886. R. LypDEKKzRE. 
i On the fossil mammalia of Maragha, in North-Western Persia. 8° 
Pam., London, 1886. R. LypExxEr, 


Maztin, Jules.—Paléontologie stratigraphique de l’Infra-Lias du département de la Céte- 
D’Or, suivie d’un apercu paléontologique sur les mémes assises dans le 
Rhone, l’Ardéche et l’Isére. 4° Paris, 1859. H. B. Mepuicorr, 


Minzs.—Final report of Her Majesty’s Commissioners appointed to enquire into accidents 
in Mines, and the possible means of preventing their occurrence or limit- 
ing their disastrous consequences, together with evidence and appendices. 
Flec. London, 1886. Govzrn«ent or INDIa. 

Movsuxerorr, J. V.—Turkestan;a geological and orographical description based upon 
data collected during the journeys of 1874 to 1880. Vol. I. (In Russian.) 
8° St. Petersburg, 1886. 

Paléontologie Francaise. 1° Serie, Animaux Invertébrés, Terrain Jurassique, Crinoides 
livr. 81; Eocdne : Echinides, livr. 4-6. Terrain Crétacé : Zoophytes, livr. 
81-32, 2™* Série, Végétaux, Terrain Jurassique, Ephédrées, livr. 85-86, 
8° Paris, 1886. 

PentTLaND, J. B.—Description of fossil remains of some nimals from the north-east border 
of Bengal. 4° Pam., London, 1828. H. B. Mepurcorr. 


Peter, Bobert.—On the general excellence of soils of Kentucky, &c. 8° Pam., Frankfort, 
No date. Cincinnati SooreTy or Narvurat Hisrory. 

Poxtie, H.—On the pliocene of Maragha, Persia, and its resemblance to that of Pikermi 
in Greece; on fossil elephant remains of Cancasia and Persia; and on the 

results of a monograph of the fossil elephants of Germany and Italy. 8° 

Pam., London, 1886. Tue Autor. 
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Titles of Books. Donors. 


PompgLty, Raphael—Geological researches in China, Mongolia, and Japan, during the 
years 1862 to 1865. 4° Washington, 1866. H. B. Mepticorr. 


QuatTREFaGEs, Armand de.—Les ages préhistoriques de 1’ Espagne et du Portugal, 
Piéface. 8° Paris, 1886. Tue AUTHOR. 


Risetz0, Carlos.—Des formations tertiaires du Portugal. 8° Pam., Paris, 1880. 
GEOLoGIOAL Survey, PoxrTvuGAt. 


Rtotimever, Z.—Untersuchung der Thierreste aus den Pfahlbauten der Schweiz. 4° 


Pam., Ziirich, 1860. H. B. Mepuicorr. 
Scuarer, P. L.—On the Rhinoceroses now or lately living in the menagerie of the Zoolo- 
gical Society of London. 4° London, 1876. H. B. Mgpricort. 
StoriczKa, Ferdinand.—Oligocine Bryozoen von Latdorf in Bernburg. 8° Pam., Wien, 
1861. H. B. Mrpuicorr. 
Sway, James G.—The Indians of Cape Flattery, at the entrance to the Strait of Fuca, 
Washington Territory. 4° Washington, 1869. H. B. Mep.ticorr. 


TEeRQUEM, O. and Pirtre, L.—Le Lias inférieur de |’ Est dela France comprenant la Meurthe, 
la Moselle, le Grand-Duché de Luxembourg, la Belgique et la Meuse. 
4° Paris, 1865. H. B. Mgepuicort. 


Tuomas, Cyrus.—Synopsis of the Acrididae of North America. 4° Washington, 1873. 
H. B. Mepiicorr. 


THomson, Sir C. Wyville, and Murray, John.—Report of the scientific results of the 
voyage of H. M.S. “Challenger” during 1873-76. Vol. XIV, Zoology, 


4° London, 1886. Sxcy. or Srarte. 
Watt, G. P. and Sawxrns, James G.—Report on the geology of Trinidad. 8° London. 
1860. 


Waxrpgr, Robert B.—An antiseptic called “Ozone.” 8° Pam., Columbus, 1882. 
THE AUTHOR. 


Wasser, Philipp, and Wreser, Otfo.—Nener Beitrag zur Tertifir-Flora der niederrheinis- 
chen Braunkohlenformation. 4° Cassel, 1855. H. B. Mgpuicorr, 


Ware, Charles 4.—On marine eocene fresh-water miocene and other fossil mollusca of 
western North America. 8° Pam., Washington, 1885. 
H. B. Mepticorrt. 


ss On new cretaceous fossils from California. 8° Pam., Washington, 

1885. H. B. Mgpuicort. 

Wuirtiusry, Charles.—On the fresh-water glacial drift of the North-Western States. 4° 
Washington, 1866. H. B. Mepuicort. 


Wittiams, D. H.—A geological report on the Kymore Mountains, the Ramghur Coal- 
fields, and on the manufacture of iron, &c. 8° Calcutta, 1852. 

H. B. Mepticorr. 

Wit1is, Batley.—The lignites of the Great Sioux Reservation; a report onyKe region 

hetween the Grand and Morean rivers, Dakota. 8° Pam., Washington, 

1885. H. B. Mzepuicorr- 


Yuuzx, Henry, and Burrs, Arthur Coke.—Hobson-Jobson : being a glossary of Anglo- 
Indian colloquial words and phrases, aud of kindred terms; etymolo- 
gical, historical, geographical, and discursive. 8° London, 1886. 
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PERIODICALS, SERIALS, &c. 


Titles of Books. Donors. 
American Journal of Science. 3° Series, Vol. XXXIJI, No. 186 to XXXII, No 189. 8° Now 
Haven, 1586. Tar Epitors. 


American Naturalist. Vol. XX, No 5. 8° Philadelphia, 1886. 

Annalen der Physik und Chemie. Neue Folge. Band XXVIII, heft 2-4 8° Leipzig, 1886. 

Annales des Mines, 87° Série, Tome IX, livr. 1. 8° Paris, 1886. L’apsrnra. prs MINES. 

Annales des Sciences Naturelles. 7™° Série, Botanique, Tome III, Nos +6. 8° Paris, ISSG. 

Annales des Sciences Naturelles. 6™° Série, Zoologie et Paléontologie. Tome XX, Nos 3-4. 
8° Paris, 1886. 

Annals and Magazine of Natural History. 5th Series, Vol. XVIII, Nos. 103-105. 8 
London, 1886. 

Archiv fir Naturgeschichte. Jahrg. L, heft 6. 8° Berlin, 1884. 

Athenseum-Nos. 3059-3072. 4° London, 1886. 

Beiblitter zu den Annalen der Physik und Chemie. Band X, Nos. 5-8. 8° Leipziy:, 1886. 

Bibliothéque Universe'le. Archives des Sciences Physiques et Naturelles. 3°° Pdriode, 
Tome XV, Nos. 4-6. 8° Gendve, 1886. 

Bibliothdque Universelle et Revue Suisse. 3™° Période, Tome XXX, No, 89 to XXXI, 
No. 91. 8° Lausanne, 1886. 

Botanisches Centralblatt. Band XXVI, No. 9 to XXVII, No 11. 8° Cassel, 1886. 

Chemical News. Vol. LIII, No. 1385 to LIV, No. 1398. 4° London, 1886. 

Colliery Guardian. Vol. LI, No. 1328, to LII, No. 1341. Fol. London, 1886. 

Das Ausland. Jahrg. LIX, Nos. 23-36. 4° Stuttgart, 1886. 

Gevlogical Magazine. New series, Decade III, Vol. III, Nos. 7-9. 8° London, 1886. 

Indian Engineer. Vol. I, Nos. 8-18. 4° Calcutta, 1886. THe Epitor. 

Iron. Vol. XXVII, No. 700 to XXVIII, No.713. Fol London, 1886. 

Journal de Conchyliologie. 37° série, Tome XXVI, No.1. 8° Paris, 1886, 

London, Edinburgh and Dublia Philosophical Magazine and Journal of Science. 5th series, 
Vol. XXII, Nos. 134-136. 8° London, 1886. 

Mining Journal. Vol. LVI, Nos. 2650-2663. Fol. London, 1886. 

Nature Novitates. Jahrg. VIII, Nos. 11-17. 8° Berlin, 1886. 

Nature. Vol. XXXIV, No. 867-880. 4° London, 1836. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Jahrg. 1886, Band II, heft 
1-2. 8° Stuttgart, 1886. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palaeontologie. Beilage-Band IV, heft 3. 
8° Stuttgart, 1886. 

Palzontographica. Band XXXII, lief 4. 4° Stuttgart, 1886. 

Paleontographica. Supplement III. 4° Cassel, 1885. 

Petermann’s Geograpbische Mittheilungen. Band XXXII, Nos. 6-8. 4° Gotha, 1886. 

Petermann’s Geographische Mittheilangen. Supplement No. 83. 4° Gotha, 1886. 

Quarterly Journal of Microscopical Science. New series. Vol. XXVI, pt. 4, and XXVII_ 
pt. 1. 8° London, 1886. 

Zeitschrift fiir Naturwissenschaften. Folge 4, Band V, heft 1-2, 8° Halle, 1886. 


GOVERNMENT SELECTIONS, REPORTS, &c. 
Bseneat.— Quarterly Bengal Army list. New series, No. 97. 8° Calcutta, 1886. 
GovERNMENT oF Inpra. 


BomBaY.—Selections from the Records of the Bombay Government. New series, Nos. 178 
and 181-185. Flsc. Bombay, 1886. Bombay GOVERNMENT. 
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Titles of Books. Donors. 
Inp1a.—The Imperial Gazetteer of India. By W. W. Hunter. 2nd edition. Vols. I—VIII 
8° London, 1886. GovERNMENT OF Inpra. 


» Note on an inspection of the forests in Oudh in March and April 1886. By B- 
Ribbentrop. Filsc., Simla, 1886. 
Report on the course of instruction at the Forest School, Debra Dun, during 1885. 
Fisc., Simla, 1886. GovERNMENT oF InDIA¢ 
+“ Review of forest administration in British India for 1884-85. Fisc., Simla, 1886. 
GOVERNMENT oF InDI4. 
Government of India. Civil Budget Estimate for 1886-87. Flsc., Calcutta, 1886. 
GOVERNMENT oF INDIA. 
List of Officers in the Survey Departments, corrected to lst July 1886. F lsc. 
Calcutta, 1886. REVENUE AND AGRICULTURAL DEPARTMENT. 
Meteorological observations recorded at six stations in India, corrected and reduced. 
December 1885 and January to May 1886. 4° Calcutta, 1886. 
MeTEoroLocioaL RePorter TO GOVERNMENT OF IWDIA4. 


- Review of the trade of India in 1885-86. By J. E.O’Conor. Flsc., Simla, 1886. 
GovEENMENT OF INDIA. 


TRANSACTIONS, PROCEEDINGS, &o., OF SOCIETIES, SURVEYS, &c. 


BaLtTrmozEE.—American Journal of Mathematics. Vol. VIII, No.8. 4° Baltimore, 1886. 
JoHNS Horxins UNIVERSITY. 


Johns Hopkins University Studies in Historical and Political Science 
4th series, VII—VIII—IX. 8° Baltimore, 1886. 


Tus University. 
Batavia.~—Notulen van het Bataviaasch Genootechap van Kunsten en Wetenschappen. 


Deel XXIV, Afl. 2. 8° Batavia, 1886. Tue Socrery. 
s Tijdechrift voor indigche Taal-land-en Volkenkunde. Deel XXXI, Afi. 2-3. 
8° Batavia, 1886. Tue Soorery. 


De vestiging van het Nederlandsche Gezag over de Banda-Kilanden (1599— 
1621). Door J. A. Van der Chijs. 8° Batavia, 1886. Tue Socrrry. 


Bur.iin.—Zeitechrift der Deutschen geologischen Gesellschaft. Band XXXVITI, heft 1.2 


8° Berlin, 1886. Tux Socrery. 
BompBay.—Journal of the Bombay Natural History Society. Vol. I, No.3. 8° Bombay, 
1886. THE Socrery. 
Brvése1is.—Bulletin de la Société Royale Belge de Géographie. Année X, No. 2. 8° 
Bruxelles, 1886. . Tae Socrery. 

“ Bulletin du Musée Royal d’ Histoire Naturelle de Belgique. Tome IV, No. 2. 

8° Bruxelles, 1886. Taz Musson. 


Buparust.—-Termésszetrajzi Fiiszetek. Vol. X, Nos. 2-3. 8° Budapest, 1886. 
THs Musson. 
Oatoutra.—-Annual report, lists of accessions, and selected extracts of minutes of the 
Tadian Museum. Vols. XJI-—XVI. 8° Calcutta, 1881-1885. 
‘ inpian Mvusrex. 
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Titles of Books. Donors. 
Catcurtta.—Catalogue of the remains of Pleistocene and Pre-historic Vertobrata, contained 
in the Geological Department of the Indian Museum, Calcutta. By R. 
Lydekker. 8° Calcutta, 1886. Geo.ogioaL Survey or Inpia. 
» Catalogue of the remains of Siwalik Vertebrata contained in the Geological 
Department of the Indian Museum, Calcutta. Part II, Aves, Reptilia, 

and Pisces. By R. Lydekker. 8° Calcutta, 1886, 
GroLoqgicaL Survey or Inpia. 


5 Asiatic Researches; or, Transactions of the Society instituted in Bengal for 
enquiring into the History and Antiquities, the Arts, Sciences, and Litera- 
ture of Asia. Vols. I to XI. Printed verbatim from the Calcutta odition, 
4° London, 1799-1812. 

Ps Do. Do. Vols. XIJ—XIV, XVI, XVII, XIX and XX, 
4° Calcutta, 1816-1836. 

is Journal of the Asiatic Society of Bengal. New series, Vol. LV, Part I, No. 2, 
and Part II, No.2. 8° Calcutta, 1886. Tar Socrery. 

; Proceedings of the Asiatic Society of Bengal. Nos. IV-VI. 8° Calcutta, 1886. 

THe Socigry. 

a Palewontologia Indica. Series X, Vol. IV, pt. 1, and Series XIV, Vol. I., pt. 3, 


fasc. 6. 4° Calcutta, 1886. GroLogicaL Survey or Inpra. 
“ Records of the Geological Survey of India. Vol. XIX, pt. 3. 8° Calcutta, 
1886. GEOLOGICAL Survey or Inpra. 
” General report-on the operations of the Survey of India Department during 
1881-85. Fisc. Calcutta, 1886. Sorvey or Inpra. 
Survey of India Department. Notes for May to August 1886. Flsc. Calcutta, 
1886. Sugvey or Inpta. 


me Tables of heights in Sind, the Panjab, N.-W-Provinces, and Central India, 
determined by the Great Trigonometrical Survey of India, trigonometri- 
cally and by spirit-leveling operations, to May 1862. 8° Calcutta, 


1863. 
- Report of the 9th annual meeting of the Indian Association for the Cultivation 
of Science. 8° Calcutta, 1886. THE ASSOCIATION. 


z University of Calcutta. Minutes for the year 1885-86. 8° Calcutta, 1886. 
Catourra UNIVERSITY. 
CaMBRIDGE.—Proceedings of the Cambridge Philosophical Society. Vol.IV, pt. 6. 8° Cam- 


bridge, 1883. THE Society, 

o Transactions of the Cambridge Philosophical Society. Vol. XIII, pt. 3. 4° 
Cambridge, 1883. Tue Socizrr, 

CamBrip@z Mass.—Bulletin of the Museum of Comparative Zoology. Vol. XII, No. 5, 
8° Cambridge, 1886. Toe Museum. 


Crncinnati.—Catalogue of the books and pamphlets in the library of the Cincinnati Society 
of Natural History. By Joseph F. James. 8° Cincinnati, 1886. 
Cincinnati Society o¥ Natura, History. 
ig Journal of the Cinciunati Society of Natural History. Vol. I, Nos. 1, 2 and 
4; Il, Nos. 1, 2 and 4; III, Nos. 1, 3 and 4; IV, Nos. 1-4; V, Nos. 
1-4; VI, Nos. 1-4; VII, Nos. 1-4; VIL, Nos, 1, 3’and 4); IX, 
Nos. 1-2. 8° Cincinnati, 1878-1886. Tae Society. 
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Titles of Books. Donors. 
Corvmpvus.—Annual report of the Ohio State Board of Agriculture for 1872-1874, 1876 
and 1877. 8° Columbus, 1873-1878. 
Cincinyatt Soctery or NatoraL History. 
ss Final report of the Ohio State Board of Centennial Managers to the General 
Assembly of the State of Ohio. 8° Columbus, 1877. 
Cincinnati Socrery of Natorat History. 
9 Geologische Vermessung des Staates Obio. Theil 1-3. 8° Columbus, 1871. 
Cincinnati Socrety of Natugat History. 
%» Report of the Geological Survey of Ohio. Vols. II—1JI Geology, and Vol. II 
Paleontology. 8° Columbus, 1874-1878. 
Orncinnatt Socirry oF Narurat History. 
CorennaoEn.—Mémoires de l’Académie Royale de Copenhague, 6°° série. Vol. I; 
Nos. 8-10, III, No. 2, and IV, No.1. 4° Copenhague, 1885-1886. 
THE ACADEMY. 
rm Oversigt over det kong. danske Videnskabernes Selskabs. No. 3 (1885) 
and No, 1 (1886). 8° Copenhague, 1886-1886. THE ACADEMY. 


Dexza Dcx.—Great Trigonometrical Survey of India. Spirit-levelled heights. Nos. 1-3, 
Southern India. 8° Dehra Dun, 1872-1879. 


93 Great Trigonometrical Survey. Spirit-levelled heights in the Bengal Presi- 
dency. Series I—VII, 8° Dehre Dun, 1884. 

” Great Trigonometrical Survey. Spirit-levelled heights in the Bombay Presi- 
dency. Nos. 1-4, 8° Dehra Dun, 1879-1886. 

” Tables of heights in the Punjab, N.-W. Provinces and Oudh, determined by 


the spirit-levelling operations of the Great Trigonometrical Survey of India 
in 1866.67 to 1871-72. Sections I—IX. 8° Dehra Dun, 1869-1873. 
Daxspen.—Sitzungsberichte und Abhandlungen der Naturwissenschaftlichen Gesellschaft 
Isis in Dreaden. Jabrg. 1886, Januar bis Juni. 8° Dresden, 1886. 
: Tue Socrery. 


Dustin.—Report of the Director of the Science and Art Maseum, Dublin, for 1885. 8° 


Dublin, 1886. Tae Musecm. 
Epinpurex.—Scottish Geographical Magazine. Vol. I, Nos. 4-9, and II, Nos. 6-9. 8° 
Edinburgh, 1885-1886. Tur Society: 
KnrespesG.—Schriften der Physikalisch-Okonomischen Gesellechaft. Jahrg. XXVI. 4° 
Konigsberg, 1886. Tue Sociery, 
Lavsannxnk.— Bulletin de la Société Vaudoise des Sciences Naturelles. 2°° série. Vol. XVI, 
No. 81. 8° Lausanne, 1879. Tre Sociery. 


Loxpoy.—Journal of the Linnean Society of London. Botany, Vol. XXI, Nos. 138-14é 
and 160. Zoology, Vol. XIX, Nos. 109-113. 8° London, 1885-1886. 
Tae Society. 
» Transactions of the Linnean Society of London. 2nd series, Zoology, Vol. II» 
pts. 12, 16-17, and Vol. III, pt. 4. 4° London, 1885-1886. 


Tux Socrery. 
Journal®of, the’ Royal Asiatic Society of Great Britain and Ireland: New series, 
Vol. XVTL, pt. 2. 8° London, 1886. THE Socrery. 


» Journal of the Society of Arte, Vol. XXXIV, Now. 1751-1764. 8° London, 
1886. : Tux SociEry: 
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Titles of Books. Donors, 
Lonpon.—Proceedings of the Royal Geographical Society. New series, Vol. VIII, Nos, 6—8: 
8° London, 1886. THR Society, 


i Proceedings of the Royal Society. Vol. XL, No. 243. 8° London, 1886, 
Tue Sociery. 
m Proceedings of the Zoological Society of London, Part 1, 1886, 8° London, 


1886. Tur Socirry, 

‘i Quarterly Journal of the Geologiial Society of London, Vol. XLII, No. 166. 

8° London, 1886. THe Society. 
Mapzip.—Boletin de la Sociedad Geografica de Madiid. Tome XX, Nos. 4-6. 8° Madnd, 
1886. Tas Socigts. 
MancHEsTgR.—Transactiona of the Munchester Geological Society. Vol. XVIII, pt. 20, 
8° Manchester, 1886. THE Society. 
Moscov.—Bulletin de la Société Impériaie des Naturalistes. Tome LXI, Nos, 3-4. 8 
Moscou, 1886. Tue Society. 


NgwcasTLe.—Transactions of the north of England Institute of Mining and Mechanical 
Engineers, Vol. XXXV, pt. 3. 8° Newcastlo, 1886. 
THE | NsTITUTION. 


Panis.—Bulletin de la Société Géologique de France. 8”° série, Tome XIII, No. 8. 8° 


Paris, 1886. Tas Socigry. 

» Mémoires de la Société Géologique de France. 3"° série, Tome IV, No. 2. 4° 
Paris, 1886, Tue Society, 

»  Compte rendu des Séances de la Société de Géographie. Nos. 6 and 11-16. 8° 
Paris, 1886. Tux Society. 
PENZANCE.—Tranpsactions of the Royal Geological Soviety of Cornwall. Vol X, pt. 8. 8° 
Penzance, 1886. THE Society, 
PHILADELPHIA.—Journal of the Franklin Institute. 3rd series, Vol. XCI, Nos. 6 and XCII, 
Nos. 1-3. 8° Philadelphia, 1886, THE InstITuTE. 

3 Proceedings of the Academy of Natural Sciences. Part 1. 8° Philadel. 

phia, 1886. THE AcaDEmy. 

” Proceedings of the American Philosophical Society. Vol. XXIII, No. 122, 

8° Philadelphia, 1886. Tue SociEry. 


Pisa.—Atti della Societa Toscana di Scienze Naturali. Memorie Vol. VII. 8° Pisa, 1886. 
Tre Soctrty. 
» Atti della Societa Toscana di Scienze Naturali. Processi verbali. Vol. V. pp. 69-94. 


8° Pisa, 1886. Tue Society. 
PortuyGaL.—Sobre a existencia do Terreno Siluriano No Baixo Alemtejo. Por. J. F.N. 
Delgado. 4° Lisboa, 1876. GzoLocioaL Survey, PorTuGat. 


S Section des Travaux Géologiques du Portugal. Contributions a la Flore Fossile 
du Portugal, par le Dr. Oswald Heer. 4° Lisbonne, 1881. 


GroLogicaL Survgy, Portucat. 
» Relatorio © outros documentos relatives 4 Commissao ecientifica desempenhada 


em differentes cidades da Italia, Allemanha e Franca, By J. F. N. 
Delgado. 4° Lisboa, 1882. GrotoaioaL Survey, Portuaat, 


Romnz.—Atti della R. Accademia dei Lincei, Serie 3, Memorie, Vols. XVIII—XIX; and 
* Serie 4, Vol. If. 4° Roma, 1881-18865. Tae AcapEmy. 


no, 
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Titles of Books. Donors. 

Roorxee.—Tables of heights in N.-W. Provinces and Bengal, determined by the G. T. 8. of 
I., by spirit-leveling operations, to May 1865. 8° Roorkee, 1866. 

Sr. Perzrssura.—Bibliothéque Géologique de la Russie. I, 1885. 8° St. Pétersbourg, 1886. 

GEOLOGICAL CoMMISSION. 


Bulletins du Comité Géologique. Vol. V, Nos. 1-6. 8° St. Pétersbourg, 


1886. GzroLoaicoaL COMMISSION. 
Mémoires du Comité Géologique, Vol. II, No. 3. 4° St. Pétersbourg, 
1886. GrortogicaL ComMISsION. 


Satem.—Bulletin of the Essex Institute. Vol. XVII, No. 4-6. 8° Salem, 1885. 
Essex Institvrn, 


Memoirs of the Peabody Academy of Science. Vol. II. 8° Salem, 1886. 
Toe AcaDEMY, 


San Francisco.—Bulletin of the California Academy of Sciences, No. 4. 8° San Francisco, 


1886. THE AcaprEmy. 
Srpnzy.—Report of the committee of management of the Technological, Industrial and 
Sanitary Museum for 1885. Fisc. Sydney, 1886. THe Mussvm. 
Torrno.—Atti della R. Accademia delle Scienze di Torino. Vol. XXI, disp. 6-6. 8° Torino, 
1886. THE ACADEMY. 
Toronto. Proceedings of the Canadian Institute. 3rd series, Vol. ITI, No. 4. 8° Toronto, 
1886. Tue Institute. 


Vicotoris.—Report on the carboniferous strata and coal seams situated on the coast between 
Western Port Bay and Anderson’s Inlet, 8 miles east of Cape Patterson 

in Bass’s Straits. By A. B.C. Selwyn. Fisc. Melbourne, 1854, 
R. D. OLpHaM. 


Reports relative to the Geological Survey of Victoria, 1861. Fisc, Melbourne, 


1862. R. D. OrpHam. 
‘a Report on coal seams, Cape Patterson, with plan and section. By Alfred B. C. 
Selwyn. Filsc, Melbourne, 1867. R. D. OrpHam. 
* Report on the coal fields of Victoria. Nos. 1-2. By John Mackenzie. Flso. 
Melbourne, 1873. R. D. Oupuwax. 
os Annual report of the Secretary for Mines and Water-Supply. Fisc. Melbourne, 
1886. DepaRtMENT OF Minus aND WaTER-SUPPLY. 


Mineral Statistics of Victoria for 1885. Fisc., Melbourne, 1886. 
DEePaRTMENT OF MinzEs, VicToRia. 
The Gold-fields of Victoria. Reports of the Mining Registrars for the quarter 
ending Slet March 1886. Fiec. Melbourne, 1886. 
Mining Department, VICTORIA. 


Vrenna.—Annalen des k. k. Naturhisterischen Hofmuseums. Band I, No. 8. 8° Wien, 


38 


1886. THe Mousevx, 
- Verhandlungen der k. k. geologischen Reichsanstalt. Noa. 7-9. 8° Wien, 1886. 
Tas Leerirore. 
Wasurseton.—Annual report of the Smithsonian Institution for 1884. 4° Washington, 
1885, 


Bulletin of the United States National Museum. No. 24, 8° Washington, 
1888. Revanrvz aNp AcricorzvraL Der anT. 
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WasHINGTON.—Fifth annual report of the United States Geological Survey, 1883-84, 
Roy. 8° Washington, 1888. Unitep States GrEoLoaicat Svevey. 
‘e Transactions and Proceedings of the New Zealand Institute. Vol. XVIII. 
Index to Vols. 1-17, 8° Wellington, 1886. Tue INSTITUTION, 
YokoHam4.—Transactions of the Asiatic Society of Japan. Vel. XIV, pt. 1. 8° Yokohama, 
1886. Tuk Socirry. 
‘6 Transactions of the Seismological Society of Japan. Vol. IX, pts. 1-2. 8° 
Yokohama, 1886. TRE SOCIETY. 

MAPS. 


Roumania.—Harta geologica generala a Romaniei lucrata de membrii Biuroului Geologic 
sub directiunea domnului Gr. Stefanescu. Sheets VII~MIX. s0ucharest. 
No date. GrowoagicaL Borrav, 


TouRKEstTaN.—Carte géologique du Turkestan Russe dressée en 1881 par les ingénieurs des 
mines G. Romanovaky et I. Mouchketow, d’aprds leurs propres observa- 

tions faites de 18748 1880. St. Péter»bourgz, 1886. 
GEOLOGICAL ComMIssion, Russta. 


October 23rd, 1886, 
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